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TGT CALG GAC COC CAG CALC T27T TGC CCG GCT GGG TAC ACC TGC AAC GTIG 1486
c = D = Q 3 - C r A G ! T C 4| v 488
AAG GCG AGG ACC TGT CAGC *2G GAT GTC GAT TIT ATC CAG CCT CCC GTG 1534
X A R T - = Y D V D T I Q P P vV 504
CTC CTG ACC CTIC GGC CCT A6 GTT CGG 22T Z1G GAG TGT GCA CGAA GGG 1582
L L T 1, G p £y <] G \ v 2 C G E G 5320
CAT TTC TGC CAT CAT AT CTAC ACC TGT TCGT 222 GAL ACT CGCA CGGA GTC 1630
Y 3 C = D '3 » T - C ¥ D S A G v 536
TGG GCC TGC TGET CCC TAC CIA AANG CGGT GIC IGC TGT AGAH GAT GGA CGT 1673
W A - C P Y T, ¥ G v' C C r D G R %52
CAC TGT TGC CCC GGT GGC TIC CaC TGT TCA GCC AGG CGGA ACC XAG TGT 1726
H C C D G G = gl C S A R G T X C 563
TTG CGA AAG AAG ATT CCT CEC TGG GAC ATG TTT TTG AGG CAT CCG GTC 1774
L 4 X I 2 R W D ' ra L. R o P y 384
CCA 2CGA CCG CTA CTG TAA GCA AGG GCT ACA CGAC TTA AGG AAC TCC ACA 1822
P 2 2 L 1, 589
GTC CTG GGA ACC CTG TTC CGA GGG TAC CCA CTA CTC AGG CCT CCC TAG 1870
CGC CTC CTC CC TAA CGT CIC €CC GGC CTA CIC ATC CIG AGT CAC CCT 1518
ATC ACC ATG GGA GGT GCGA CCC TCA AAC TAA AXC CTT CTT TTA TGG ARA 1966
GAA GGC TGT GGC CAA AAG CCC CGT ATC AAA CTG CCA TTT CTT CCG GTT 2014
TCT GTG CAC CTT GTG GCC ACC TGC TCT TCC CGA GCC ACA GGT CGTT CTG 2062
TGA GCT TGC TTG TGT GTG IGT GCG CGT GTG CGT GTG TTG CTC CAA TAA 2110
EGT TTG TAC GCT TTC TCA AEA AAA AAA * 2137

FIG 2
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A: Nucleotide sequence of numan granulin/epithelin precursor (human GP8bs,.
Human Granulin Genbark M75161%

[cgcaggcaga ccatgtggac citggtgage tgpgtggect taacagcage gotggtegct
ggaacgegpt geccagatgg tcagtictge cetgiggect getgeclgpa cocegpages
gccagctaca geigelgecg tecectictg gacaaatgge ccacaacact gagcaggeat
ctgggiggec cetgecaggt tgatgeceac tgetetgeeg gecactootg catetttace
gicicaggga ctteccagitg ctgecocttc ccagaggecg tggcatgege ggatggccat
cagigligce cacggpgctt ccactgeapt gcagacggge gatectgett ccaaagatca
ggtaacaact ccptlgggtgc catccagtge cetgatagtc agttcgaatg cecggacttc
tccacglget gigtiatggt cgatggetce tggagetgct geceecatgee ceaggettec
tgeigigaag acaggetgca ctgctgteeg cacgptgect tetgegacct ggttcacace
cgclgcalca cacccacggg cacccaceee ctggeaaaga apetecctpe ccagaggact
dacagggcag tgegcctigic cagetcgptce algtglccgg acgecacggte ceggtgeect
gatggticta cctgetgiga getgeccagt gggaagtatg petgctpcee aatpcecaac
gCracciget getccgatea cetgeactge tgeecccaag acactgtgtg tgacctgate
cagagtaagt gecetctccaa ggagaacgct accacggace tectcactaa getgectgce
cacacaglgp gepatgtgaa atglgacatg gaggigaget geccagatgp ctatacctgc
{gccgicrac aglcgegeec ctggpactge tecectttta cecaggetgt gtectgtgag
gaccacatac actgetgtee cgegegettt acgtgtgaca cgeagaaggg tacctgtgaa
Cagggecicc accagglgce Clggatpgag aaggceccag cleaceteag cetgecagac
Ccacaagcct tgaagagaga tgtecectgt gataatgtea geagcetgtee ctectecgat
acclgcigece aactcacgic tggepapte g poctgctgic caatcecaga gpetgtetec
tgcteggace accagceactg ctgeeceeag cgatacacgt gitgtagetga gggpcagtot
cagegaggaa gegagalcgl gecigeacig gagaagatoc ctgcecgecg cgeticetia
lCccacccea gagacategg ctgtgaccag cacaccaget geeegplgee cggaacctac
(gcccgagece agggotgggap clgggcctge tgeeagitee cocatgctgt gtgctocgag
gatcgecage actgetgoce geclggetac acctgraacg tpaaggcetcg atcetgeoae
daggaagigg (crctgeeca geetgecace ttectggece glageectica cglgggtete
aaggacgtge aglgtgogpga aggacactic tgccatgata accagacetg clgccgagac
aaccgacagg geigggeclg ctgteectac geceaggeceg tetgttptee tpategeceoc
cactgeigic clgctggett cegetgcgea cgeagggata ccaaglgttt gegeagegag
gccccgeget geeacgecce ttigagepac cecagecttga gacagetgcet gtgagegaca
glaclgaaga cictgcagee clcgggacee cacteggagg gtegeectcetg ctcaggecte
cctagcacet cecectaace aaafttetece tggacceecat tetgagetee ccatcaccat
gEageigEg gcctcaatct aaggecctic cetgtcagaa gepegtigag gcaraagece
attacaagct gecatecect ceecegtttea gtggacceetg tggecaggtg clttteecta
(cCacaggeg tgtitgtete tigpotatpc tttcaataaa gtitptcact tott®

B: Amino-acid sequence of human granulin/epithelin precursor (human GP38).

MWTLVSWVALTAGLVAGTRCPDGQFCPVACCLDPGGASYSCCRP
LLDKWPTTLSRHLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRG
FHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGSWGCCPMPQASCCED
RVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAVALSSSVMCPDARSRCPDG
STCCELPSGK YGCCPMPNATCCSDHLHCCPQDTVCDLIQSKCLSKENATTDLLTKLPA
HTVGDVKCDMEVSCPDGYTCCRLQSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTQKGT
CEQGPHQVPWMEKAPAHLSLPDPOALKRDYPCDNVSSCPSSDTCCQLTSGEWGCCPIP
EAVCCSDHQHCCPQRYTCVAEGQCQRGSEIVAGLEKMPARRGSLSHPRDIGEDQHTSC
PVGGTCCPSQGGSWACCQLPHAVCCEDRQHCCPAGYTCNVKARSCEKEVVSAQPATFEL

ARSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPY AQGVCCADRRHCCPAGFRCA
RRGTKCLRREAPRWDAPLRDPALRQLL®

FIG 4
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COnscnsus scquence:

C......C.....C.C.....6....CC......CC.0, HCCP.,..C......,C

I, 2: mouss epithelin |, 2.
A B, CD,ec [ g granulin A, B, C, D, E, F, G; N-tcrminus of granulin A, B, C, D have been scquenced.
Mouse epithelin precursor sequence is from Plowman et al.(1992).
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Ad Fig 1 GP88 Expression In Non Tumorigenic (MCF 10A) And
Malignant (MCF 7, MDA-468) Human Mammary Epithelial Cells
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SSKDA TUMORIGENIC GROWTH FACTOR
AND ANTAGONISTS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a continuation of Ser. No. 09/813,156

filed on Mar. 21, 2001 now U.S. Pat. No. 6,670,183 which 1s
a continuation of Ser. No. 08/991,862 filed on Dec. 16, 1997,
now U.S. Pat. No. 6,309,826 1ssued on Oct. 30, 2001, which
1s a continuation-in-part of Ser. No. 08/863,079 filed on May
23, 1997 now abandoned.

FIELD OF THE INVENTION

This invention relates to cell biology, physiology and medi-
cine, and concerns an 88 kDa glycoprotein growth factor
(“GP88”) and compositions and methods which affect the
expression and biological activity of GP88. These composi-
tions and methods are usetul for diagnosis and treatment of
diseases mncluding cancer.

REFERENCES

Several publications are referenced hereimn by Arabic
numerals within parenthesis. Full citations for these refer-
ences may be found at the end of the specification immedi-
ately preceding the claims.

BACKGROUND OF THE INVENTION

The proliferation and differentiation of cells 1n multicellu-
lar organmisms 1s subject to a highly regulated process (1). A
distinguishing feature of cancer cells 1s the absence of control
over this process; proliferation and differentiation become
deregulated resulting 1n uncontrolled growth. Significant
research efforts have been directed toward better understand-
ing this difference between normal and tumor cells. One area
of research focus 1s growth factors and, more specifically,
autocrine growth stimulation.

Growth factors are polypeptides which carry messages to
cells concerning growth, differentiation, migration and gene
expression (2). Typically, growth factors are produced in one
cell and act on another cell to stimulate proliferation. How-
ever, certain malignant cells, in culture, demonstrate a greater
or absolute reliance on an autocrine growth mechanism (3).
Malignant cells which observe this autocrine behavior cir-
cumvent the regulation of growth factor production by other
cells and are therefore unregulated 1n their growth.

Study of autocrine growth control advances understanding
of cell growth mechanisms and leads to important advances in
the diagnosis and treatment of cancer. Toward this end, a
number of growth factors have been studied, including 1nsu-
lin-like growth factors (“IGF1” and “IGF2”), gastrin-releas-
ing peptide (“GRP”), transforming growth factors alpha and
beta (“TGF-a” and “TGF-b), and epidermal growth factor
(“EGE”).

The present invention 1s directed to a recently discovered
growth factor. This growth factor was first discovered 1n the
culture medium of highly tumorigenic “PC cells,” an mnsulin-
independent variant 1solated from the teratoma derived adi-
pogenic cell line 1246. This growth factor 1s referred to herein
as “GP88.” GP88 has been purified and structurally charac-
terized (4). Amino acid sequencing of GP88 indicates that
(GP88 has amino acid sequence similarities with the mouse
granulin/epithelin precursor.
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Granulins/epithelins (“grm/ep1”) are 6 kDa polypeptides
and belong to a novel family of double cysteine rich polypep-
tides (5, 6). U.S. Pat. No. 5,416,192 (Shoyab et al.) 1s directed
to 6 kDa epithelins, particularly epithelin 1 and epithelin 2.
According to Shoyab, both epithelins are encoded by a com-
mon 63.5 kDa precursor, which 1s processed into smaller
forms as soon as 1t 1s synthesized, so that the only natural
products found 1n biological samples are the 6 kDa forms.
Shoyab et al. teaches that the epithelin precursor 1s biologi-
cally mactive.

Contrary to the teachings of Shoyab et al., the inventor’s
laboratory has demonstrated that the precursor 1s not always
processed as soon as 1t 1s synthesized. Studies, conducted 1n
part by this inventor, have demonstrated that the precursor
(1.e., GP88) 1s 1n fact secreted as an 88 kDa glycoprotein with
an N-linked carbohydrate moiety of 20 kDa (4). Analysis of
the N-terminal sequence of GP88 indicates that GP8S starts at
amino acid 17 of the grn/ep1 precursor, demonstrating that the
first 17 amino acids from the protein sequence deduced from
the precursor cDNA correspond to a signal peptide compat-
ible with targeting for membrane localization or for secretion
(4).

Also 1n contrast to the teachings of Shoyab et al., GP8S8 1s
biologically active and has growth promoting activity, par-
ticularly as an autocrine growth factor for the producer cells.

SUMMARY OF INVENTION

The mventor has now unexpectedly discovered that a gly-
coprotein (GP88), which 1s expressed 1n a tightly regulated
fashion 1 normal cells, 1s overexpressed and unregulated 1n
highly tumorigenic cells derived from the normal cells, that
(P88 acts as a stringently required growth stimulator for the
tumorigenic cells and that inhibition of GP88 expression or
action 1n the tumorigenic cells results 1n an 1nhibition of the
tumorigenic properties of the overproducing cells.

It 1s an object of this imnvention to provide GP88 antagoniz-
ing compositions capable of inhibiting the expression or
activity of GPS8S.

A Turther object of the invention 1s to provide methods for
treating diseases associated with a defect in GP88 quantity or
activity such as but not limited to cancer in mice or humans.

Another object of the invention is to provide methods for
determining the susceptibility of a subject to diseases associ-
ated with a defect in GP88 expression or action.

Yet another object of the invention 1s to provide methods
for measuring susceptibility to GP88 antagonizing therapy.

Yet another object of the invention 1s to provide methods,
reagents, and kits for the 1n vitro and 1n vivo detection of
(P88 and tumorigenic activity 1n cells.

Additional objects and advantages of the invention will be
set forth in part 1n the description that follows, and 1n part will
be obvious from the description, or may be learned by the
practice of the invention.

To achieve the objects and 1n accordance with the purpose
of the mvention, as embodied and properly described herein,
the present mvention provides compositions for diagnosis
and treatment of diseases such as but not limited to cancer 1n
which cells exhibit an altered expression of GP88 or altered
response to GP&8.

Use of the term “altered expression” herein means
increased expression or overexpression ol GP88 by a factor of
at least two-1old, and at times by a factor of 10 or more, based
on the level of mRNA or protein as compared to correspond-
ing normal cells or surrounding peripheral cells. The term
“altered expression” also means expression which became
unregulated or constitutive without being necessarily
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clevated. Use of the terms increased or altered “response’ to
(P88 means a condition wherein increase 1n any of the bio-
logical functions (e.g., growth, differentiation, viral infectiv-
ity) conterred by GP88 results 1n the same or equivalent
condition as altered expression of GP8S.

Use of the term “GP88” herein means epithelin/granulin
precursor 1n cell extracts and extracellular fluids, and 1s
intended to include not only GP88 according to the amino
acid sequences included 1n FIG. 8 or 9, which are of mouse
and human origins, but also GP88 of other species. In addi-
tion, the term also includes functional derivatives thereof
having additional components such as a carbohydrate moiety
including a glycoprotein or other modified structures.

Also 1ntended by the term GP88 1s any polypeptide frag-
ment having at least 10 amino-acids present in the above
mentioned sequences. Sequences of this length are useful as
antigens and for making immunogenic conjugates with car-
riers for the production of antibodies specific for various
epitopes of the entire protein. Such polypeptides are useful 1n
screening such antibodies and 1n the methods directed to
detection of GP88 1n biological fluids. It 1s well known 1n the
art that peptides are usetful in generation of antibodies to
larger proteins (7). In one embodiment of this invention, it 1s
shown that peptides from 12-19 amino-acids 1n length have

been successtully used to develop antibodies that recognize
the tull length GPSS.

The polypeptide of this invention may exist covalently or
non-covalently bound to another molecule. For example, it
may be fused to one or more other polypeptides via one or
more peptide bonds such as glutathione transferase, poly-
histidine, or myc tag.

The polypeptide 1s suiliciently large to comprise an anti-
genetically distinct determinant or epitope which can be used

as an 1immunogen to reproduce or test antibodies against
(P88 or a functional derivative thereof.

One embodiment includes the polypeptide substantially
free of other mammalian peptides. GP88 of the present inven-
tion can be biochemically or immunochemically purified
from cells, tissues or a biological fluid. Alternatively, the
polypeptide can be produced by recombinant means in a
prokaryotic or eukaryotic expression system and host cells.

“Substantially free of other mammalian polypeptides™
reflects the fact that the polypeptide can be synthesized in a
prokaryotic or a non-mammalian or mammalian eukaryotic
organism, 1f desired. Alternatively, methods are well known
for the synthesis of polypeptides of desired sequences by
chemical synthesis on solid phase supports and their subse-
quent separation from the support. Alternatively, the protein
can be purified from tissues or fluids of mammals where 1t
naturally occurs so that it 1s at least 90% pure (on a weight
basis) or even 99% pure, 1f desired, of other mammalian
polypeptides, and 1s therefore substantially free from them.
This can be achieved by subjecting the tissue extracts or fluids
to standard protein purification such as on immunoabsorbants
bearing antibodies reactive against the protein. One embodi-
ment of the present invention describes purification methods
tor the purification of naturally occurring GP88 and of recom-
binant GP88 expressed in baculovirus infected 1nsect cells.
Alternatively, purification from such tissues or fluids can be
achieved by a combination of standard methods such as but
not limited to the ones described in reference (4).

As an alternative to a native purified or recombinant gly-
coprotein or polypeptide, “GP88” 1s intended to also include
functional dertvatives. By functional derivative 1s meant a
“fragment,” “variant,” “analog,” or “chemical derivative™ of
the protein or glycoprotein as defined below. A functional
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derivative retains at least a portion of the function of the tull
length GP88 which permits 1ts utility 1n accordance with the
present 1nvention.

A “fragment” of GP88 refers to any subset of the molecule
that 1s a shorter peptide. This corresponds for example but 1s

not limited to regions such as K19T and S14R for mouse
GP88, and E19V and A14R (equivalent to murine K19T and

S14R, respectively) for human GPSS.

A “vanant” of GP88 refers to a molecule substantially
similar to either the entire peptide or a fragment thereof.
Variant peptides may be prepared by direct chemical synthe-
s1s of the variant peptide using methods known 1n the art.

Alternatively, amino acid sequence variants of the peptide
can be prepared by moditying the DNA which encodes the
synthesized protein or peptide. Such variants include, for
example, deletions, insertions, or substitutions of residues
within the amino-acid sequence of GP88. Any combination of
deletion, 1nsertion, and substitution may also be made to
arrive at the final construct, provided the final construct pos-
sesses the desired activity. The mutation that will be made 1n
the DNA encoding the variant peptide must not alter the
reading frame and preferably will not create complementary
regions that could produce secondary mRNA structures. At
the genetic level these variants are prepared by site directed
mutagenesis (8) ol nucleotides 1n the DNA encoding the
peptide molecule thereby producing DNA encoding the vari-
ant, and thereafter expressing the DNA in recombinant cell
culture. The vaniant typically exhibits the same qualitative
biological activity as the nonvariant peptide.

An “analog” of GP88 protein refers to a non-natural mol-
ecule substantially similar to either the entire molecule or a
fragment thereof.

A “chemical derivative” contains additional chemical moi-
cties not normally a part of the peptide or protein. Covalent
modifications of the peptide are also included within the
scope of this invention. Such modifications may be intro-
duced into the molecule by reacting targeted amino-acid resi-
dues of the peptide with an organic derivatizing agent that 1s
capable of reacting with selected side chains or terminal
amino-acid residues. Most commonly derivatized residues
are cysteinyl, histidyl, lysinyl, arginyl, tyrosyl, glutaminyl,
asparaginyl and amino terminal residues. Hydroxylation of
proline and lysine, phosphorylation of hydroxyl groups of
seryl and threonyl residues, methylation of the alpha-amino
groups of lysine, histidine, and histidine side chains, acetyla-
tion of the N-terminal amine and amidation of the C-terminal
carboxylic groups. Such derivatized moieties may improve
the solubility, absorption, biological half life and the like. The
moieties may also eliminate or attenuate any undesirable side
eifect of the protein and the like. In addition, derivatization
with bitunctional agents 1s usetful for cross-lining the peptide
to water mnsoluble support matrices or to other macromolecu-
lar carriers. Commonly used cross-linking agents include
glutaraldehyde, N-hydroxysuccinimide esters, homobifunc-
tional 1midoesters, 1,1-bis(-diazoloacetyl)-2-phenylethane,
and bifunctional maleimides. Dernvatizing agents such as
methyl-3-[ 9p-azidophenyl)]dithiopropioimidate yield photo-
activatable 1ntermediates that are capable of forming
crosslinks 1n the presence of light. Alternatively, reactive
water-1nsoluble matrices such as cyanogen bromide activated
carbohydrates and the reactive substrates described 1n U.S.
Pat. Nos. 3,969,287 and 3,691,016 may be employed for

protein immobilization.

Use of the term GP88 “antagonizing agents” herein means
any composition that nhibits or blocks GP88 expression,
production or secretion, or any composition that inhibits or
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blocks the biological activity of GP88. This can be achieved
by any mode of action such as but not limited to the following;:

(A) GP88 antagonizing agents include any reagent or mol-
ecule inhibiting GP88 expression or production including but
not limited to:

(1) antisense GP88 DNA or RNA molecules that inhibat
GP88 expression by inhibiting GP8S translation;

(2) reagents (hormones, growth factors, small molecules)
that mhibit GP88 mRNA and/or protein expression at the
transcriptional, translational or post-transaltional levels;

(3) factors, reagents or hormones that inhibit GP88 secre-
tion;

(B) GP88 antagonizing agents also include any reagent or
molecule that will mnhibit GP88 action or biological activity
such as but not limited to:

(1) neutralizing antibodies to GP88 that bind the protein
and prevent 1t from exerting 1ts biological activity;

(2) antibodies to the GP88 receptor that prevent GP88 from
binding to its receptor and from exerting its biological activ-
1ty

(3) competitive inhibitors of GP88 binding to its receptors;

(4) inhibitors of GP88 signaling pathways.

Specific examples presented herein provide a description
of preferred embodiments, particularly the use of neutralizing
antibodies to inhibit GP88 biological action and the growth of
the highly tumorigenic PC cells; the use of antisense GP88
cDNA and antisense GP88 oligonucleotides to inhibit GP8S8
expression leading to inhibition of the tumorigenic properties
of the PC cells; characterization of GP88 receptors on cell
surfaces of several cell lines including the mammary epithe-

l1al cell line C57MG, the 1246 and PC cell lines and the mink
lung epithelial cell line CCL64.

In one embodiment of the mvention, the GP88 antagoniz-
ing agents are antisense oligonucleotides to GP88. The anti-
sense oligonucleotides preferably inhibit GP88 expression by
inhibiting translation of the GP88 protein.

Alternatively, such a composition may comprise reagents,
factors or hormones that inhibit GP88 expression by regulat-
ing GP88 gene transcriptional activity. Such a composition
may comprise reagents, factors or hormones that ihibit
(P88 post-translational modification and 1ts secretion. Such
a composition may comprise reagents that act as GPS88
antagonists that block GP88 activity by competing with GP88
for binding to GP88 cell surtace receptors. Alternatively, such
a composition may comprise factors or reagents that inhibit
the signaling pathway transduced by GP88 once binding to its
receptors on diseased cells.

Alternatively, the composition may comprise reagents that
block GP88 action such as an antibody specific to GP88 that
neutralizes 1ts biological activity, or an antibody to the GP88
receptor that blocks its activity.

The antibodies of the invention (neutralizing and others)
are preferably used as a treatment for cancer or other diseases
in cells which exhibit an increased expression of GP88. By
the term “neutralizing” it shall be understood that the anti-
body has the ability to 1nhibit or block the normal biological
activity ol GP88, including GP88’s ability to stimulate cell
proliferation or to induce tumor growth 1n experimental ani-
mals and 1n humans. An effective amount of anti-GP88 anti-
body 1s administered to an animal, including humans, by
various routes. In an alternative embodiment, the ant1-GP88
antibody 1s used as a diagnostic to detect cells which exhibit
an altered (increased) expression of GP88 as occurring 1n
diseases such as but not limited to cancers, and to 1dentily
diseased cells whose growth 1s dependent on GP88 and which
will respond to GP88 antagonizing therapy. In yet another
embodiment, the ant1-GP88 antibody 1s used to deliver com-
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pounds such as cytotoxic factors or antisense oligonucle-
otides to cells expressing or responsive to GP8S.

The antisense oligonucleotides of the invention are also
used as a treatment for cancer 1n cells which exhibit an
increased expression ol GP88. An effective amount of the
antisense oligonucleotide 1s administered to an animal,
including humans, by various routes.

—

T'he present invention also provides a method for determin-
ing the susceptibility to diseases associated with a defect 1n
GP88 expression or action which comprises obtaining a
sample of biological fluid or tissue and measuring the amount
of GP88 1n the fluid or tissue or measuring the susceptibility
of the cells to respond to GP88. In the case of cancer, the
amount of GP88 being proportional to the susceptibility to the
cancer.

The present invention also provides a method for measur-
ing the degree of severity of cancer which comprises obtain-
ing a sample of biological fluid or tissue and measuring the
amount of GP88 1n the fluid or tissue sample, the amount of
GP88 being proportional to the degree or severity of the
cancer.

The present invention also provides a method for measur-
ing susceptibility to GP88 antagonizing therapy which com-
prises obtaining a sample of the diseased tissue (biopsy),
maintaining the cells derived from the sample in culture,
treating the cells derived from the culture with anti-GP88
neutralizing antibody and determining 1f the neutralizing
antibody inhibits the cell growth. Ability of the antibody to
inhibit cell growth 1s indicative that the cells are dependent on
(P88 to proliferate and 1s predictive that GP88 antagonizing
therapy will be efficacious.

The present mnvention also provides a method for determin-
ing the susceptibility to cancer associated with an abnormal-
ity 1n GP88 receptor level or activity which comprises obtain-
ing a sample of tissue and measuring the amount of GP88
receptor protein or mRINA 1n the tissue or measuring the
tyrosine kinase activity of the receptor in the tissue (GP88
binding to 1ts receptor induces tyrosine phosphorylation of
cellular proteins including the receptor for G88).

i

T'he present invention also provides a method for targeting
(P88 antagonizing reagents to the diseased site by conjugat-
ing them to an anti-GP88 antibody or an anti-GP88 receptor
antibody.

The accompanying drawings, which are icorporated 1n
and constitute a part of this specification, 1llustrate embodi-
ments of the mvention and, together with the description,
serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A compares the level of expression of GP88 protein

in the 1246, 1246-3A and PC cell lines. Cells were cultured in
DME-F12 medium supplemented with 2% fetal bovine
serum (FBS). GP88 expression levels were measured by
immunoprecipitation and Western blot analysis with anti-

K19T antibody.

FIG. 1B compares the level of GP88 mRNA expression in
the 1246, 1246-3A and PC cell lines. mRNA for RPL32 is

used as an internal control for equal amounts of RNA loading.

FIG. 1C compares the expression of GP88 mRINA 1n 1246
cells (left panel) and 1n PC cells (right panel) in serum-iree
and serum containing medium. The results show that GP88
expression 1n 1246 cells 1s inhibited by the addition of fetal
bovine serum whereas such inhibition 1s not observed in the

highly tumorigenic PC cells.
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FIG. 2 1llustrates the effect of treatment of the highly tum-

origenic PC cells with increasing concentrations ol anti-
(P88 neutralizing antibody.

FI1G. 3 shows C3H mice injected subcutaneously with 106
antisense GP88 transtected PC cells (bottom) and with empty
vector transiected control PC cells (top).

FI1G. 4 shows 1n vivo GP88 expression levels in C3H mice
tumor tissues and 1n surrounding normal tissues.

FIG. 5 shows GP88 mRNA expression levels 1n estrogen
receptor positive and estrogen receptor negative human mam-
mary carcinoma cell lines.

FIG. 6 shows the effect of increasing concentrations of

(GP88 on the growth of the mouse mammary epithehial cell
line C57.

FI1G. 7 shows the growth properties and tumorigenic ability
of PC cells transiected with a cytomegalovirus promoter con-
trolled expression vector containing GP88 1n antisense orien-
tation and PC cells transfected with an empty vector.

FIG. 8 shows the nucleotide and deduced amino-acid
sequence of mouse GP88 (SEQ ID NOS 1 & 2, respectively).
Peptide regions used as antigens to raise anti-GP88 antibod-
ies K19T and S14R are underlined. The region cloned 1n the
antisense orientation 1 the pCMV4 mammalian expression
vector 1s indicated between brackets.

FIG. 9A shows the nucleotide sequence of human GP88
cDNA (SEQ ID NOS 16 & 17, respectively). Indicated
between brackets 1s the region cloned in the antisense orien-
tation into the pcDNA3 mammalian expression system; and

FI1G. 9B shows the deduced amino-acid sequence of human
GP88. The E19V region used as antigen to develop anti-
human GP88 neutralizing antibody 1s underlined. It also 1ndi-
cates the region A14R equivalent to the mouse S14R region.

FIG. 10 shows the amino-acid sequence of mouse GP88
(SEQ ID NO: 2) arranged to show the 7 and one-half repeats
defined as granulins g, 1, B, A, C, D and ¢ (night side). This
representation shows that the region K19T and S14R used to
raise GP88 antibodies for developing anti-GP88 neutralizing
antibodies 1s found between two epithlin/granulin repeats 1n
what 1s considered a vanant region. Indicated on the right
hand side 1s the granulin classification of the repeats accord-
ing to Bateman et al (6). Granulin B and granulin A are also

defined as epithelin 2 and epithelin 1 respectively according
to Plowman et al., 1992 (3).

FI1G. 11 shows a schematic representation of pCMV4 and a
GP88 c¢cDNA clone indicating the restriction sites used to
clone GP88 antisense cDNA 1nto the expression vector.

FI1G. 12 shows the cross-linking of "*>1-rGP88 to GP88 cell

surface receptors on CCL-64 cells. The cross-linking reaction
was carried out with disuccinimidyl suberate (DSS). Reac-
tion products were analyzed by SDS-PAGE on a 7% poly-
acrylamide gel.

FI1G. 13 shows the cross-linking of **>1-rGP88 to GP88 cell
surface receptors on 313 fibroblasts, PC cells and C37TMG
mammary epithelial cells. The results show that these various

cell lines display GP88 cell surface receptors of similar
molecular weight as the ones on CCL64 cells (FIG. 12).

FI1G. 14 shows GP88 expression levels 1n non-tumorigenic
MCF 10A and in malignant (MCF 7, MDA-468) human
mammary epithelial cells.
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FIG. 15 shows that GP88 expression 1s inhibited by anti-
sense GP88 cDNA transfection in human breast carcinoma

MDA-468 cells.

DESCRIPTION OF THE INVENTION

Retference will now be made in detail to the presently
preferred embodiments of the invention, which, together with
the following examples, serve to explain the principles of the
invention.

Biological Activity of GP8S8

The mnvention relates to GP88 and antitumor and antiviral
compositions useful for treating and diagnosing diseases
linked to altered (increased) expression of GP88. Alterna-
tively this mnvention 1s used for treating and diagnosing dis-
cases linked to increased responsiveness to GP88. Using a
murine model system consisting of three cell lines, the inven-
tor has shown that cells which overexpress GP88 form
tumors. The parent cell line, 1246, 1s a C3H mouse adipo-
genic cell line which proliferates and differentiates into adi-
pocytes 1n a defined medium under stringent regulation by
isulin (9, 10). The 1246 cells cannot form tumors in a syn-
geneic animal (C3H mouse) even when 1njected at a high cell
density. An 1sulin independent cell line, 1246-3 A, was 1s0-
lated from 1246 cells maintained 1n insulin-free medium (11).
The 1246-3 A cells lost the ability to differentiate and form
tumors when 10° are injected subcutaneously in syngeneic
mice. A highly tumorigenic cell line, PC, was developed from
1246-3 A cells by an 1n vitro-1n vivo shuttle technique. The PC
cells formed tumors when 10 cells were injected into synge-
neic mice (12).

(P88 1s overexpressed 1n the msulin-independent tumori-
genic cell lines relative to the parent non-tumorigenic msulin-
dependent cell line. Moreover, the degree of overexpression
of GP88 positively correlates with the degree of tumorigenic-
ity of these cells, demonstrating for the first time that GP88 1s
important in tumorigenesis (F1G. 1). With reference to FIG. 1,
since GP88 1s synthesized by cells but also secreted 1n culture
medium, the level of GP88 was determined 1n cell lysates and
in culture medium (CM). All cells were cultivated in DME/
F12 nutrient medium supplemented with 2% fetal bovine
serum. When cells reached confluency, culture medium (CM)
was collected and cell lysates were prepared by incubation in
builer containing detergent followed by a 10,000xg centrifu-
gation. Cell lysate and conditioned medium were normalized
by cell number. Samples from cell lysate and conditioned
medium were analyzed by Western blot analysis using an
ant1-GP88 antibody, as explained below.

The development of a neutralizing antibody confirmed
(GP88’s key role 1n tumorigenesis. When an anti-GP88 anti-
body directed to the K19T region of mouse GP88 was added
to the culture medium, the growth of highly tumorigenic PC
cells was inhibited 1n a dose dependent fashion (FIG. 2). With
reference to FIG. 2, PC cells were cultivated 1n 96 well plates
at a density 2x10% cells/well in DME/F12 medium supple-
mented with human fibronectin (2 ug/ml) and human trans-
ferrin (10 ug/ml). Increasing concentrations ol anti-GP88
IgG fraction were added to the wells after the cells were
attached. Control cells were treated with equivalent concen-
trations of non-tmmune IgG. Two days later, 0.25 mCi of
“H-thymidine was added per well for 6 hrs. Cells were then
harvested to count “H-thymidine incorporated into DNA as a
measure for cell proliferation.

Moreover, when the expression of GP88 was specifically
inhibited by antisense GP88 ¢cDNA 1n PC cells, the produc-
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tion of GP88 was reduced and these PC cells could no longer
form tumors 1n syngeneic C3H mouse. In addition, these PC
cells regained responsiveness to msulin. With reference to
FIG. 3 and Tables 1 and 2, C3H female mice were 1njected
subcutaneously with 10° antisense GP88 transfected PC cells
(as explained below) or 10° empty vector transfected PC cells.
Mice were monitored daily for tumor appearance. Photo-
graphs were taken 45 days after injection of the cells. The
results show that mice injected with antisense GP88 PC cells
do not develop tumors, in contrast to the mice mjected with
empty vector transiected PC cells used as control.

TABL.

(L.

1

COMPARISON OF TUMORIGENIC PROPERTIES OF GPE8
ANTISENSE TRANSFECTED CELLS, CONTROL
TRANSFECTED CELLS AND PC CELLS

AVERAGE DAY OF NUMBER OF AVERAGE
CELLS TUMOR MICE WITH TUMOR
INJECTED DETECTION TUMORS WEIGHT (g)
PC 15 +3.0 5/5 9.0 £ 3.2
P14 15 +3.7 5/5 7.8 £ 2.7
ASGPEE — 0/5 —

PC: Control non-transfected cells
P-14: Empty vector control transfected PC cells

ASGPER: PC cells transfected with expression vector contamning GP88 anti-
sense cDNA

Tumors were excised and weighed at 45 days. —indicates
no tumor formation.

TABLE 2

COMPARISON OF PROPERTIES OF 1246, PC
CELLS AND GPX3 ANTISENSE CELLS

insulin GPRY antisense
independence transfection
1246 cells PC cells Antisense GP 88 cells
insulin insulin-independent for recovery of insulin
responsive for  growth differentiation responsiveness for growth
growth and deficient (differentiation?)
differentiation  autocrine production of

insulin-related factor
cell surface insulin receptor
expression very low

cell surface insulin receptor
expression elevated

cell surface
insulin receptor
expression high

GPRY GPRR expression (GP88 expression inhibited
expression low constitutively high by antisense

GPRY No inhibition by serum

expression

inhibited

by serum

GPRY GP8R expression recovery of msulin
expression constitutive regulation for endogenous
regulated GP8¥ expression

by 1nsulin

non- highly tumorigenic non-tumorigenic
tumorigenic

Comparison ol the expression ol GP88 indicates that in
vivo GP88 levels 1n tumors 1s dramatically higher than in
normal tissues (FIG. 4). C3H mice were injected with 10° PC
cells. Tumor bearing mice were euthanized. Tumors, fat pads
and connective tissue were collected. Cell lysates were pre-
pared by incubation in bufler contaiming detergent as
described above for FIG. 1. Protein concentration of tissue
extracts was determined, and equivalent amounts of proteins
for each sample were analyzed by SDS-PAGE {followed by
Western blot analysis using anti-GP88 antibody to measure
the content of GP88 1n tissue extracts. The results showed that
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the level of GP88 1n tumor extracts 1s at least 10-fold higher
than in surrounding connective and fat tissues.

In normal cells (1246 cells, fibroblasts), the expression of
GP88 1s regulated, 1n particular by insulin, and inhibited by
tetal bovine serum. In tumorigenic cells, a loss of regulation
of normal growth leads to the increased expression of GP8S8
and the acquisition of GP88 dependence for growth. There-
fore, inhibition of GP88 expression and/or action 1s an eflec-
tive approach to suppression of tumorigenesis. Detection of
an elevated GP88 expression 1n biopsies provides diagnostic
analysis of tumors that are responsive to GP88 mnhibition
therapy.

(P88 1s also a tumor inducing factor in human cancers. As
seen 1n the 1246-3A cell line, a loss of responsiveness to
isulin (or to IGF-I) and a concurrent increase in malignancy
has been well documented (13, 14) 1n several human cancers
including but not limited to breast cancers. Specifically,
breast carcinoma 1s accompanied by the acquisition of an
insulin/IGF-I autocrine loop, which 1s also the starting point
of the development of tumorigenic properties 1in the mouse
model system discussed above. Furthermore, GP88 expres-
s1on 1s elevated 1n human breast carcinomas. More speciii-
cally, with reference to FIG. 5, human GP88 was highly
expressed 1n estrogen receptor positive and also 1n estrogen
receptor negative isulin/IGF-I independent highly malig-

nant cells. Also, GP88 1s a potent growth factor for mammary
epithelial cells (FIG. 6 ). The data 1n FIG. 5 was obtained by

cultivating MCF7, MDA-MB-453 and MDA-MB-468 cells
in DME/F12 medium supplemented with 10% fetal bovine
serum (FBS). RNA was extracted from each cell line by the
RNAZOL method and poly-A*"RNA prepared. GP88 mRNA
expression was examined by Northern blot analysis with 3 ug
of poly-A*RNA for each cell line using °* P-labeled GP88
cDNA probe.

For Northern blot analysis of GP88 mRNA expression in
rodent cells or tissues (mouse and rats), we used a mouse
G P88 ¢cDNA probe 311 bp 1n length starting at nucleotide 551
to 862 (corresponding to amino-acid sequence 160 to 270).
RINA can be extracted by a variety of methods (Sambrook,
Molecular Biology manual: 35) well known to people of
ordinary skill in the art. The method of choice was to extract
RNA using RNAZOL (Cinnabiotech) or TRIZOL (Gibco-
BRL) solutions which consists of a single step extraction by
guanidinium 1sothiocyanate and phenol-chloroform.

For Northern blot analysis of GP88 mRNA expression in
human cell lines, a 672 bp human GP88 cDNA probe was
developed corresponding to nucleotide 1002 to 1674 (corre-
sponding to amino-acid sequence 334-538) of human GPSS.
See example 8 for a detailed and specific description of the
Northern blot analysis method used 1n the preferred embodi-
ments.

With respect to FIG. 6, C57MG cells were cultivated 1n the
presence ol increasing concentrations of GP88 purified from
PC cells conditioned medium (top panel), and recombinant
G P88 expressed in insect cells (bottom panel), to demonstrate
the growth stimulating effect of increasing concentrations of

GP88 on the growth of the mouse mammary epithelial cell
line C57MG.

A correlation between IGF-1 autocrine production and
increased malignancy has also been well established for glio-
blastomas, teratocarcinomas and breast carcinomas (2, 15,
16, 17). Inthese cancers, GP88 expression 1s also elevated 1n
human tumors when compared to non-tumorigenic human
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fibroblasts and other human cell lines. GP88 promotes the
growth of mammary carcinoma cells.

Ant1-GP88 Antibodies

The invention provides compositions for treating and diag-
nosing diseases linked to increased expression of GP88. This
also will apply to treatment and diagnosis of diseases linked
to 1ncreased responsiveness to GP88. The compositions of
this invention include anti-GP88 antibodies which neutralize
the biological activity of GP8S.

The present invention 1s also directed to an antibody spe-
cific for an epitope of GP88 and the use of such antibody to
detect the presence or measure the quantity or concentration
of GP88 molecule, a functional derivative thereof or a homo-
logue from different animal species 1n a cell, a cell or tissue
extract, culture medium or biological fluid. Moreover, anti-
body can be used to target cytotoxic molecules to a specific
site.

For use as antigen for development of antibodies, the GP88
protein naturally produced or expressed 1n recombinant form
or functional dertvative thereol, preferably having at least 9
amino-acids, 1s obtained and used to immunize an animal for
production of polyclonal or monoclonal antibody. An anti-
body 1s said to be capable of binding a molecule if 1t 1s capable
ol reacting with the molecule to thereby bind the molecule to
the antibody. The specific reaction 1s meant to indicate that the
antigen will react 1n a highly selective manner with its corre-
sponding antibody and not with the multitude of other anti-
bodies which may be evoked by other antigens.

The term antibody herein includes but 1s not limited to
human and non-human polyclonal antibodies, human and
non-human monoclonal antibodies (mAbs), chimeric anti-
bodies, anti-1diotypic antibodies (anti-IdAb) and humanized
antibodies. Polyclonal antibodies are heterogeneous popula-
tions of antibody molecules derived either from sera of ani-
mals 1mmunized with an antigen or from chicken eggs.
Monoclonal antibodies (“mAbs”™) are substantially homoge-
neous populations of antibodies to specific antigens. mAbs
may be obtained by methods known to those skilled 1n the art
(18,19,20 and U.S. Pat. No. 4,376,110). Such antibodies may
be of any immunological class including IgG, IgM, IgE, IgA,
IgD and any subclass thereof. The hybridoma producing
human and non-human antibodies to GP88 may be cultivated
in vitro or 1n vivo. For production of a large amount of mAbs,
in vivo 1s the presently preferred method of production.
Briefly, cells from the individual hybridomas are injected
intraperitoneally into pristane primed Balb/c mice or Nude
mice to produce ascites fluid contaiming high concentrations
of the desired mAbs. mAbs may be purified from such ascites
fluids or from culture supernatants using standard chroma-
tography methods well known to those of skill in the art.

Human monoclonal Ab to human GP88 can be prepared by
Immunizing transgenic mice expressing human immunoglo-
bulin genes. Hybridoma produced by using lymphocytes
from these transgenic animals will produce human immuno-
globulin 1nstead of mouse immunoglobulin.

Since most monoclonal antibodies are derived from murine
source and other non-human sources, their clinical efficiency
may be limited due to the immunogenicity of rodent mAbs
administered to humans, weak recruitment of effector func-
tion and rapid clearance from serum (25). To circumvent
these problems, the antigen-binding properties of murine
antibodies can be conferred to human antibodies through a
process called humamization (25). A humanized antibody
contains the amino-acid sequences for the 6 complementar-
ity-determining regions (CDRs) of the parent murine mAb
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which are grafted onto a human antibody framework. The low
content of non-human sequences in humanmzed antibodies
(around 5%) has proven effective 1n both reducing the immu-
nogenicity and prolonging the serum half life 1n humans.
Methods such as the ones using monovalent phage display
and combinatorial library strategy (26, 27) for humanization
of monoclonal antibodies are now widely applied to the
humanization of a variety of antibodies and are known to
people skilled in the art. These humanized antibodies and
human antibodies developed with transgenic animals as
described above are of great therapeutic use for several dis-
cases 1ncluding but not limited to cancer.

Hybridoma supernatants and sera are screened for the pres-
ence of antibody specific for GP88 by any number of immu-
noassays including dot blots and standard immunoassays
(EIA or ELISA) which are well known i the art. Once a
supernatant has been identified as having an antibody of
interest, 1t may be further screened by Western blotting to
identify the size of the antigen to which the antibody binds.
One of ordinary skill in the art will know how to prepare and
screen such hybridomas without undue experimentation 1n
order to obtain a desired polyclonal or mAb.

Chimeric antibodies have different portions derived from
different animal species. For example, a chimeric antibody
might have a variable region from a murine mAb and a human
immunoglobulin constant region. Chimeric antibodies and
methods for their production are also known to those skilled
in the art (21-24).

An anti-1diotypic (“anti-IdAb”) 1s an antibody which rec-
ognizes unique determinants generally associated with the
antigen-binding site of an antibody. An anti-IdAb can be
prepared by immunizing an animal of the same species and
genetic type (e.g., mouse strain) as the source of the mAb with
the mAb to which an anti-IdAb 1s being prepared. The immu-
nized animal will recognize and respond to the idiotypic
determinants of the immumzing antibody by producing anti-
body to these idiotypic determinants (the anti-IdAb). The
anti-IdAb may also be used as an immunogen to produce an
immune response in yet another animal, producing a so-
called anti-anti-Id Ab. The anti-anti-IdAb may be epitopically
identical to the original mAb which induced the anti-IdAb.
Thus by using antibodies to the 1diotypic determinants of a
mAb, 1t 1s possible to 1dentily other clones expressing anti-
bodies of 1dentical specificity.

Accordingly, mAbs generated against GP88 may be used
to induce human and non-human anti-IdAbs 1n suitable ani-
mals. Spleen cells from such immunized mice are used to
produce hybridomas secreting human or non-human anti-Id
mAbs. Further, the anti-Id mAbs can be coupled to a carrier
such as Keyhole Limpet Hemocyanin (KLH) or bovine serum
albumin (BSA) and used to immunize additional mice. Sera
from these mice will contain human or non-human anti-anti-
IdAb that have the binding properties of the original mAb
specific for a GP88 polypeptide epitope. The anti-Id mAbs
thus have their own 1diotypic epitopes or 1diotypes structur-
ally similar to the epitope being evaluated.

The term antibody 1s also meant to include both intact
molecules as well as fragments thereof such as, for example,
Fab and F(ab'),, which are capable of binding to the antigen.
Fab and F(ab'), fragments lack the Fc fragment of intact
antibody, clear more rapidly from the circulation and may
have less non-specific tissue binding than an intact antibody
(28). Such fragments are typically produced by proteolytic
cleavage, using enzymes such as papain (to generate Fab
fragments) and pepsin (to generate F(ab'), fragments). It will
be appreciated that Fab and F(ab'), and other fragments of the
antibodies useful 1n the present invention may be used for the




US 7,592,318 B2

13

detection or quantitation of GP88, and for treatment of patho-
logical states related to GP88 expression, according to the
methods disclosed herein for intact antibody molecules.

According to the present invention, antibodies that neutral -
1ze GP88 activity in vitro can be used to neutralize GP88
activity 1n vivo to treat diseases associated with increased
(P88 expression or increased responsiveness to GP88, such
as but not limited to cancer and viral mfection. A subject,
preferably a human subject, suifering from disease associated
with increased GP88 expression 1s treated with an antibody to
(GP88. Such treatment may be performed 1n conjunction with
other anti-cancer or anti-viral therapy. A typical regimen
comprises administration of an effective amount of the anti-
body specific for GP88 administered over a period of one or
several weeks and including between about one and six
months. The antibody of the present invention may be admin-
1stered by any means that achieves its intended purpose. For
example, administration may be by various routes including
but not limited to subcutaneous, intravenous, intradermal,
intramuscular, intraperitoneal and oral. Parenteral adminis-
tration can be by bolus 1jection or by gradual perfusion over
time. Preparations for parenteral administration include ster-
1le aqueous or non-aqueous solutions, suspensions and emul-
sions, which may contain auxiliary agents or excipients
known 1n the art. Pharmaceutical compositions such as tablets
and capsules can also be prepared according to routine meth-
ods. It1s understood that the dosage of will be dependent upon
the age, sex and weight of the recipient, kind of concurrent
treatment, 11 any, frequency of treatment and the nature of the
elfect desired. The ranges of effective doses provided below
are not intended to limit the mvention and merely represent
preferred dose ranges. However the most preferred dosage
will be tailored to the individual subject as 1s understood and
determinable by one skilled 1n the art. The total dose required
for each treatment may be administered by multiple doses or
in a single dose. Effective amounts of antibody are from about
0.01 ug to about 100 mg/kg body weight and preferably from
about 10 ug to about 50 mg/kg. Antibody may be adminis-
tered alone or 1n conjunction with other therapeutics directed
to the same disease.

According to the present mvention and concerning the
neutralizing antibody, GP88 neutralizing antibodies can be
used 1n all therapeutic cases where 1t 1s necessary to inhibit
GP88 biological activity, even though there may not neces-
sarily be a change 1n GP88 expression, including cases where
there 1s an overexpression of GP88 cell surface receptors and
this 1n turn results 1n an increased biological activity, or where
there 1s an alteration 1n GP88 signaling pathways or receptors
leadmg to the fact that the signaling pathways are always

“turned on.” Neutralizing antibodies to growth factor and to
growth factor receptors have been successiully used to inhibit
the growth of cells whose proliferation 1s dependent on this
growth factor. This has been the case for IGF-I receptor 1n
human breast carcinoma cells (14) and bombesin for lung
cancer (29). The antibody to GP88 can also be used to deliver
compounds such as, but not limited to, cytotoxic reagents
such as toxins, oncotoxins, mitotoxins and immunotoxins, or
antisense oligonucleotides, 1 order to specifically target
them to cells expressing or responsive to GP88 (30).

One region that allows antigen to develop a neutralizing
antibody to GP88 1s the 19 amino-acid region defined as
K19T 1n the mouse GP&8, and E19V 1n the human GP&8
which 1s not located within the epithelin/granulin 6 kDa
repeats but between these repeats, specifically between
granulin A (epithelin 1) and granulin C (5) 1n what 1s consid-
ered a variant region (see FIG. 10). Without wishing to be
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bound by theory, 1t 1s believed that the region important for the
biological activity of GP88 lies outside of the epithelin
repeats.

The antibodies or fragments of antibodies useful in the
present invention may also be used to quantitatively or quali-
tatively detect the presence of cells which express the GP88
protein. This can be accomplished by immunotluorescence
techniques employing a fluorescently labeled antibody (see
below) with fluorescent microscopic, tlow cytometric, or
fluorometric detection. The reaction of antibodies and
polypeptides of the present invention may be detected by
immunoassay methods well known 1n the art (20).

The antibodies of the present invention may be employed
histologically as 1n light microscopy, immunotluorescence or
immunoelectron microscopy, for 1n situ detection of the GP88
protein 1n tissues samples or biopsies. In situ detection may be
accomplished by removing a histological specimen from a
patient and applying the appropnately labeled antibody of the
present mvention. The antibody (or fragment) 1s preferably
provided by applying or overlaying the labeled antibody (or
fragment) to the biological sample. Through the use of such a
procedure, 1t 1s possible to determine not only the presence of
the GP88 protein but also 1ts distribution in the examined
tissue. Using the present invention, those of ordinary skill in
the art will readily percerve that any wide variety of histologi-
cal methods (such as staining procedures) can be modified 1n
order to achieve such in situ detection.

Assays for GP88 typically comprise incubating a biologi-
cal sample such as a biological fluid, a tissue extract, freshly
harvested or cultured cells or their culture medium in the
presence ol a detectably labeled antibody capable of 1denti-
tying the GP88 protein and detecting the antibody by any of
a number of techniques well known 1n the art.

The biological sample may be treated with a solid phase
support or carrier such as nitrocellulose or other solid support
capable of immobilizing cells or cell particles or soluble
proteins. The support may then be washed followed by treat-
ment with the detectably labeled anti-GP88 antibody. This 1s
tollowed by wash of the support to remove unbound antibody.
The amount of bound label on said support may then be
detected by conventional means. By solid phase support 1s
intended any support capable ol binding antigen or antibodies
such as but not limited to glass, polystyrene polypropylene,
nylon, modified cellulose, or polyacrylamide.

The binding activity of a given lot of antibody to the GP8S8
protein may be determined according to well known methods.
Those skilled 1n the art will be able to determine operative and
optimal assay conditions for each determination by employ-
ing routine experimentation.

Detection of the GP88 protein or functional derivative
thereol and of a specific antibody for the protein may be
accomplished by a variety of immunoassays well known 1n
the art such as enzyme linked immunoassays (EIA) or radio-
immunoassays (RIA). Such assays are well known 1n the art
and one of skill will readily know how to carry out such assays
using the anti-GP88 antibodies and GP88 protein of the
present invention.

Such immunoassays are uselul to detect and quantitate
(P88 protein in serum or other biological fluid as well as 1n
tissues, cells, cell extracts, or biopsies. In a preferred embodi-
ment, the concentration of GP88 i1s measured 1n a tissue
specimen as a means for diagnosing cancer or other disease
associated with increased expression of GPS8S.

The presence of certain types of cancers and the degree of
malignancy are said to be “proportional” to an increase in the
level of the GP88 protein. The term “proportional” as used
herein 1s not intended to be limited to a linear or constant
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relationship between the level of protein and the malignant
properties of the cancer. The term “proportional” as used
herein, 1s intended to indicate that an increased level of GP88
protein 1s related to appearance, recurrence or display of
malignant properties of a cancer or other disease associated
with increased expression of GP88 at ranges of concentration
ol the protein that can be readily determined by one skilled 1n
the art.

Another embodiment of the invention relates to evaluating
the efficacy of anti-cancer or anti-viral drug or agent by mea-
suring the ability of the drug or agent to inhibit the expression
or production of GP88. The antibodies of the present mnven-
tion are useful 1n a method for evaluating anti-cancer or
anti-viral drugs in that they can be employed to determine the
amount of the GP88 protein 1n one of the above-mentioned
immunoassays. Alternatively, the amount of the GP88 protein
produced 1s measured by bioassay (cell proliferation assay) as
described herein. The bioassay and immunoassay can be used
in combination for a more precise assessment.

An additional embodiment 1s directed to an assay for diag-
nosing cancers or other diseases associated with an increase
in GP88 expression based on measuring 1n a tissue or biologi-
cal fluid the amount of mRNA sequences present that encode
(GP88 or a functional dertvative thereof, preferably using an
RNA-DNA hybridization assay. The presence of certain can-
cers and the degree of malignancy 1s proportional to the
amount of such mRNA present. For such assays the source of
mRNA will be biopsies and surrounding tissues. The pre-
ferred techmque for measuring the amount of mRNA 1s a
hybridization assay using DNA of complementarity base
sequence.

Another related embodiment 1s directed to an assay for
diagnosing cancers or other diseases associated with an
increase 1 GP88 responsiveness based on measuring on a
tissue biopsy whether treatment with anti-GP88 neutralizing,
antibody will inhibit its growth or other biological activity.

Another related embodiment 1s a method for measuring the
eificacy of anti-cancer or anti-viral drug or agent which com-
prises the steps of measuring the agent’s effect on mnhibiting,
the expression of mRNA for GP88. Similarly such method
can be used to identily or evaluate the efficacy of GP88
antagonizing agents by measuring the ability of said agent to
inhibit the production of GP88 mRNA.

Nucleic acid detection assays, especially hybridization
assays, can be based on any characteristic of the nucleic acid
molecule such as its size, sequence, or susceptibility to diges-
tion by restriction endonucleases. The sensitivity of such
assays can be increased by altering the manner in which
detection 1s reported or signaled to the observer. A wide
variety of labels have been extensively developed and used by
those of ordinary skill 1n the art, including enzymatic, radio-
1sotopic, fluorescent, chemical labels and modified bases.

One method for overcoming the sensitivity limitation of a
nucleic acid for detection 1s to selectively amplity the nucleic
acid prior to performing the assay. This method has been
referred as the “polymerase chain reaction” or PCR (31 and
U.S. Pat. Nos. 4,683,202 and 4,582,788). The PCR reaction
provides a method for selectively increasing the concentra-
tion of a particular nucleic acid sequence even when that
sequence has not been previously purified and 1s present only
in a single copy 1n a particular sample.

(G P88 Antisense Components

This mvention also provides GP88 antisense components.
The constitutive expression of antisense RNA 1n cells has
been shown to mhibit the expression of more than 20 genes
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and the list continues to grow (32-34). Possible mechanisms
for antisense effects are the blockage of translation or preven-
tion of splicing, both of which have been observed 1n vitro.
Interterence with splicing allows the use of intron sequences
(30) which should be less conserved and therefore result 1n
greater specificity, inhibiting expression of a gene product of
one species but not its homologue 1n another species.

The term antisense component corresponds to an RNA
sequence as well as a DNA sequence coding therefor, which
1s sulficiently complementary to a particular mRNA mol-
ecule, for which the antisense RNA 1s specific, to cause
molecular hybridization between the antisense RNA and the
mRNA such that translation of the mRINA 1s inhibited. Such
hybridization can occur under in vivo conditions. The action
of the antisense RNA results 1n specific inhibition of gene
expression 1n the cells (32-35).

According to the present invention, transfection of tumori-
genic cells with DNA antisense to the GP88 cDNA inhibits
endogenous GP88 expression and 1nhibits tumorigenicity of
the antisense cDNA transiected cells. This antisense DNA
must have suilicient complementarity, about 18-30 nucle-
otides 1n length, to the GP88 gene so that the antisense RNA
can hybridize to the GP88 gene (or mRINA) and inhibit GP8S8
gene expression regardless of whether the action 1s at the level
of splicing, transcription, or translation. The degree of inhi-
bition 1s readily discernible to one skilled in the art without
undue experimentation given the teachings herein and pret-
erably 1s sufficient to inhibit the growth of cells whose pro-
liferation 1s dependent on the expression of GP88. One of
ordinary skill 1n the art will recognize that the antisense RNA
approach 1s but a number of known mechanisms which can be
employed to block specific gene expression.

The antisense components of the present invention may be
hybridizable to any of several portions of the target GP88
cDNA, including the coding sequence, 3' or 5' untranslated
regions, or other intronic sequences, or to GPE8 mRNA. As 1s
readily discernible by one of ordinary skill in the art, the
minimal amount of homology required by the present inven-
tion 1s that sufficient to result 1n hybridization to the GP88
DNA or mRNA and in inhibition of transcription of the DNA,
or translation or function of the mRNA, preferably without
alfecting the function of other mRNA molecules and the
expression of other unrelated genes.

Antisense RNA 1s delivered to a cell by transformation or
transiection via a vector, including retroviral vectors and
plasmids, into which has been placed DNA encoding the
antisense RNA with the appropriate regulatory sequences
including a promoter to result in expression of the antisense
RINA 1n a host cell. Stable transiection of various antisense
expression vectors containing GP88 ¢cDNA fragments 1n the
antisense orientation have been performed. One can also
deliver antisense components to cells using a retroviral vec-
tor. Delivery can also be achueved by liposomes.

For purpose of antisense technology for in vivo therapy, the
currently preferred method 1s to use antisense oligonucle-
otides (32, 36), instead of performing stable transiection of an
antisense cDNA fragment constructed into an expression vec-
tor. Antisense oligonucleotides having a size of 15-30 bases in
length and with sequences hybridizable to any of several
portions of the target GP88 cDNA, including the coding
sequence, 3' or 5' untranslated regions, or other intronic
sequences, or to GP88 mRINA, are preferred. Sequences for
the antisense oligonucleotides to GP88 are preferably
selected as being the ones that have the most potent antisense
elfects (37, 38). Factors that govern a target site for the anti-
sense oligonucleotide sequence are related to the length of the
oligonucleotide, binding affinity, and accessibility of the tar-
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get sequence. Sequences may be screened 1n vitro for potency
of their antisense activity by measuring mnhibition of GP88
protein translation and GP88 related phenotype, e.g., inhibi-
tion of cell proliferation 1n cells 1n culture. In general 1t 1s
known that most regions of the RNA (5" and 3' untranslated
regions, AUG 1nitiation, coding, splice junctions and introns)
can be targeted using antisense oligonucleotides.

The preferred GP88 antisense oligonucleotides are those
oligonucleotides which are stable, have a high resilience to
nucleases (enzymes that could potentially degrade oligo-
nucleotides), possess suitable pharmacokinetics to allow
them to traffic to disease tissue at non-toxic doses, and have
the ability to cross through plasma membranes.

Phosphorothioate antisense oligonucleotides may be used
(39). Modifications of the phosphodiester linkage as well as
of the heterocycle or the sugar may provide an increase 1n
elficiency. With respect to modification of the phosphodiester
linkage, phosphorothioate may be used. An N3'-P5' phospho-
ramidate linkage has been described as stabilizing oligo-
nucleotides to nucleases and increasing the binding to RNA
(40). Peptide nucleic acid (PNA) linkage 1s a complete
replacement of the ribose and phosphodiester backbone and
1s stable to nucleases, increases the binding affinity to RNA,
and does not allow cleavage by RNAse H. Its basic structure
1s also amenable to modifications that may allow 1ts optimi-
zation as an antisense component. With respect to modifica-
tions of the heterocycle, certain heterocycle modifications
have proven to augment antisense effects without interfering
with RNAse H activity. An example of such modification 1s
C-3 thiazole modification. Finally, modification of the sugar
may also be considered. 2'-O-propyl and 2'-methoxyethoxy
ribose modifications stabilize oligonucleotides to nucleases
in cell culture and 1n vivo. Cell culture and 1n vivo tumor
experiments using these types of oligonucleotides targeted to
c-raf-1 resulted in enhanced potency. As general references
for antisense oligonucleotides, see (32-34)

The delivery route will be the one that provides the best
antisense elfect as measured according to the criteria
described above. In vitro cell culture assays and 1n vivo tumor
growth assays using antisense oligonucleotides have shown
that delivery mediated by cationic liposomes, by retroviral
vectors and direct delivery are efficient. (36, 41-43) Another
possible delivery mode i1s targeting using antibody to cell
surface markers for the tumor cells. Antibody to GP88 or to 1ts
receptor may serve this purpose.

Recombinant GP88

The present invention 1s also directed to DNA expression
systems for expressing a recombinant GP88 polypeptide or a
tfunctional dertvative thereof substantially free of other mam-
malian DNA sequences. Such DNA may be double or single
stranded. The DNA sequence should preferably have about
20 or more nucleotides to allow hybridization to another
polynucleotide. In order to achieve higher specificity of
hybridization, characterized by the absence of hybridization
to sequences other than those encoding the GP88 protein or a
homologue or functional derivative thereof, a length of at
least 50 nucleotides 1s preferred.

The present invention 1s also directed to the above DNA
molecules, expressible vehicles or vectors as well as hosts
transiected or transtormed with the vehicles and capable of
expressing the polypeptide. Such hosts may be prokaryotic,
preferably bacteria, or eukaryotic, preferably yeast or mam-
malian cells. A preferred vector system includes baculovirus
expressed 1n insect cells. The DNA can be incorporated into
host organisms by transformation, transduction, transfection,
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infection or related processes known 1n the art. In addition to
DNA and mRNA sequences encoding the GP88 polypeptide,
the 1nvention also provides methods for expression of the
nucleic acid sequence. Further, the genetic sequences and
oligonucleotides allow identification and cloning of addi-
tional polypeptides having sequence homology to the
polypeptide GP88 described here.

An expression vector 1s a vector which (due to the presence
of appropnate transcriptional and/or translational control
sequences) 1s capable of expressing a DNA (or cDNA) mol-
ecule which has been cloned into the vector and thereby
produces a polypeptide or protein. Expression of the cloned
sequence occurs when the expression vector 1s 1troduced
into an appropriate host cell. If a prokaryotic expression vec-
tor 1s employed, then the appropriate host cell would be any
prokaryotic cell capable of expressing the cloned sequence.
Similarly, 1f an eukaryotic expression system 1s employed,
then the appropriate host cell would be any eukaryotic cell
capable of expressing the cloned sequence. Baculovirus vec-
tor, for example, can be used to clone GP88 ¢DNA and
subsequently express the cDNA 1n 1nsect cells.

A DNA sequence encoding GP88 polypeptide or 1ts func-
tional derivatives may be recombined with vector DNA in
accordance with conventional techniques including blunt-
ended or staggered ended termim for ligation, restriction
enzyme digestion to provide appropriate termini, filling 1n
cohesive ends as appropriate, alkaline phosphatase treatment
to avoid undesirable joining, and ligation with proper enzyme
ligases. Techniques for such manipulations are discussed 1n
(35).

A nucleic acid molecule i1s capable of expressing a
polypeptide 11 it contains nucleotide sequences which contain
transcriptional and translational regulatory information and
such sequences are operably linked to nucleotide sequences
which encode the polypeptide. An operable linkage 1s a link-
age 1n which the regulatory DNA sequences and the DNA
sequence sought to be expressed are connected 1n such a way
as to permit gene expression. The precise nature of the regu-
latory regions needed for gene expression may vary from
organism to organism but shall 1n general include a promoter

region, which in prokaryotes contains both the promoter
(which directs the mitiation of RNA transcription) as well as
the DNA sequences which when transcribed mto RNA will
signal the i1nitiation of protein synthesis. Such regions will
normally include those 3' non-coding sequences involved
with the mitiation of transcription, translation such as the
TATA box, capping sequence, CAAT sequence and the like.

If desired, the 3' non-coding region to the gene sequence
encoding the protein may be obtained by described methods
(screening appropriate cDNA library or PCR amplification).
This region may be retained for the presence of transcrip-
tional termination regulatory sequences such as termination
and polyadenylation. Thus, by retaining the 3' region natu-
rally contiguous to the DNA sequence coding for the protein,
the transcriptional termination signals may be provided.
Where the transcription termination signals are not provided
or satisfactorily functional 1n the expression host cells, then a
3' region from another gene may be substituted.

Two DNA sequences such as a promoter region sequence
and GP88 encoding sequence are said to be operably linked 1f
the nature of the linkage between the sequences does not (1)
result in the introduction of a frame-shiit mutation or (2)
interfere with the ability of the promoter sequence to direct
transcription of the polypeptide gene sequence.
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The promoter sequences may be prokaryotic, eukaryotic or
viral. Suitable promoters are inducible, repressible or consti-
tutive. Examples of suitable prokaryotic promoters are

reviewed by (44-46).

Eukaryotic promoters include but are not limited to the
promoter for the mouse methallothionein I gene (47), the TK
promoter of Herpes Virus (48), the gene gal4 promoter (49),
the SV40 early promoter (50), the mouse mammary tumor
virus (MMTYV) promoter, and the cytomegalovirus (CMV)
promoter (51). Strong promoters are preferred. Examples of
such promoters are those which recognize the T3, SP6and 17
polymerases, the PL. promoter of bacteriophage lambda, the
recA promoter, the promoter of the mouse methallothionein I
gene, the SV40 promoter and the CMYV promoter.

It1s to be understood that application of the teachings of the
present invention to a specific problem or environment will be
within the capability of one having ordinary skill 1n the art in
light of the teachings contained herein. The present invention
1s more fully illustrated by the following non-limiting
examples.

EXAMPLE 1

Isolation of PC Cell Line

The role of autocrine growth factor production in the loss
of differentiation ability and acquisition of tumorigenic prop-
erties 1n mammalian cells has been studied using a murine
model system developed by the mventor. It consists of the
mouse C3H adipogenic cell line 1246 (9), a series of cell lines
which are differentiation-deficient and have increasing tum-
origenic properties. 1246 cells proliferate and difierentiate 1n
a serum-iree defined medium (9). In defined medium, 1246
cells stringently require insulin for proliferation and for dii-
terentiation (10). Insulin-like growth factor I (IGF-I) can
replace insulin for proliferation but not for differentiation.
From 1246 cells maintained 1n the absence of insulin, insulin-
dependent cell lines were 1solated (11).

1246-3 A was particularly studied. 1246-3A cells had lost
the ability to differentiate and had become tumorigenic in
vivo (11). 1246-3 A cells formed tumors when 10° cells were
injected mto syngeneic C3H mice within 6 weeks, whereas
1246 cells were non-tumorigenic. By an in vitro-in vivo
shuttle techmique, highly tumorigenic insulin-independent
cell lines were subsequently 1solated and analyzed (12).

The shuttle technique consisted of subcutaneously inject-
ing 1246-3A cells (10° cells/mouse) into syngeneic C3H
mice. The tumor resulting from the mjection of the cells was
then minced and plated in primary culture into defined
medium deprived of insulin (DME-F12 nutrient medium 1:1
mixture supplemented with fibronectin, transferrin and FGF).
Cells that had started to grow were subcultured when they
reached confluency to be: (1) etther frozen 1n the presence of
10% Fetal Bovine serum and 10% Dimethylsulfoxyde
(DMSQO) for long term conservation; (2) injected subcutane-
ously into C3H mice at different cell densities (10°, 10°, 10*
cells/mouse). Rate of appearance of tumor and size of tumor
was monitored. Tumors that appeared were again put back in
culture in the insulin-free medium. Cells growing 1n these
conditions were reinjected back into the animal.

By this 1n vitro-in vivo shuttle technique msulin-indepen-
dent cells with increasing tumorigenic properties were
obtained. In particular, the highly tumorigenic cell line named
PC was 1solated (12). PC cells can form tumors even when
10% cells are injected subcutaneously into syngeneic C3H
mice.
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The PC cell line has at least the following characteristics:

(1) These cells represent an excellent model system for
tumorigenicity studies: these cells can proliferate 1 a
simple defined medium DME-F12 nutrient mixture
supplemented with 2 ug/ml fibronectin and 10 pug/ml
transierrin, and they can be injected into syngeneic hosts
and do not require the use of nude mice which are expen-
stve and necessitate special handling.

(2) When the PC cells reach contluency, the cells can be
maintaimned m a complete serum-iree and factor-free
medium. Their growth 1s maintained solely by the nutri-
ent medium and the factors that the cells secrete in their
conditioned medium, thus conditioned medium 1s a
good source for characterization and purification of fac-
tors required for proliferation of tumor cells.

EXAMPLE 2

(P88 1s an Autocrine Growth Factor for the Highly
Tumorigenic PC Cells

It was shown that PC cell conditioned medium contained
growth promoting activity that was purified by chromato-
graphic techniques (4). The purified factor called GP8S8 pre-
cursor was sequenced and shown to be similar to the epithe-
lin/granulin precursor.

Experiments were then carried out to examine whether the
production of GP88 by PC cells stimulated their growth 1n an
autocrine fashion. For this purpose, PC cells were cultivated
in the presence of GP88 antibody that can neutralize GP88
activity. DNA synthesis of PC cells was measured in the
presence ol increasing amounts of either the non-immune

IgG or the ant1-K19T IgG.

As shown 1n FIG. 2, the addition of anti-GP88 IgG 1nhib-
ited PC cell growth 1n a dose-dependent manner, directly
demonstrating that GP88 production by the PC cells 1s
required for their growth. Non-immune IgG had no effect.
Here, PC cells were plated in 96-well plates at a density of
2x10%* cells/well in DME/F12 medium supplemented with 2
ug/ml fibronectin and 10 pug/ml transferrin (2F medium).
After 6 hours when the cells were attached, anti-GP88 1gG
fraction was added. 36 hours later, “H-thymidine (0.25 uCi/
ml) was added for an additional 8 hours. Cells were collected
by trypsinization on glass filters by a cell harvester and the
radioactivity corresponding to “H-thymidine incorporated
into DNA counted by liqud scintillation counter. Values
(FIG. 2) are expressed as % of control corresponding to
thymidine incorporation in PC cells treated with equivalent
amounts ol nonimmune IgG.

Similar results were obtained using anti1 K19T and anti
E19V monoclonal antibodies. Ant1 K19T monoclonal anti-
body inhibited the growth of PC cells and of rat leukemia cells
in a dose dependent fashion. Moreover, anti E19V mono-
clonal antibody inhibited the growth of the human breast
carcinoma cell line MCF7, with an ED., of 100 ug/ml.

EXAMPLE 3

Expression of GP88 1n the 1246, 1246-3 A and PC
Cell Lines

Since GP88 protein was purified from PC cell conditioned
medium, experiments were carried out to compare the expres-
sion of GP88 mRINA and protein in the three cell lines.

Comparative tumorigenicity studies of 1246, 1246-3 A and

PC cell lines 1n C3H mice showed that PC cells are highly
tumorigenic when compared to 1246-3 A cells since they can
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develop tumors when 10" cells/mouse are injected into C3H
mice. 1246-3A cells make tumors when injected a 10° cells/
mouse, whereas 1n syngeneic hosts, 1236 cells are non-tum-
origenic (12).

The following methods were used for the studies of com-

paring the level of GP88 in the model system consisting of the
three cell lines 1246, 1246-3A and PC.

Cell Culture

1246 stock cells were maintained in DME/F12 nutrient
medium (1:1 mixture of Dulbecco’s modified Eagle medium
and Ham’s nutrient F12) supplemented with 10% fetal bovine
serum (FBS). 1246-3 A and PC stock cells were maintained 1n
defined media. For PC stock cells, 1t consisted of DME-F12
medium supplemented with 2 pg/ml of human plasma
fibronectin and 10 ug/ml of human plasma transierrin (2F
medium). For 1246-3 A cells, the defined medium called 3F
medium consisted of DME-F12 medium supplemented with
2 ug/ml of human plasma fibronectin and 10 ng/ml of human
plasma transterrin and 1 ng/ml of basic fibroblast growth
tactor (bFGF). For comparative studies the three cell lines
were plated in DME-F12 medium supplemented with 2%

FBS.

RINA Isolation and Northern Blot Analysis

For Northern blot analysis of GP88 mRNA expression in
rodent cells or tissues (mouse and rats), we used a mouse
GP88 cDNA probe 311 bp 1n length starting at nucleotide 551
to 862 (corresponding to amino-acid sequence 160 to 270).
The probe was ““P-labeled by random-priming reaction.

Total cellular RNA was 1solated by RNAZOL solution
(Cinnabiotech) or TRIZOL solution (Life Technologies)
based on a modification of the single step guanidinium
1sothiocyanante/phenol chloroform method (32).

Fifteen or twenty micrograms of total RNA per sample

were subjected to electrophoresis on a denaturing 1.2% aga-
rose gel containing 0.22 M formaldehyde 1n 1xMOPS (10x

MOPS: 0.2 M MOPS, 50 mM NaGAc 10 mM EDTA). RNA
was blotted on nitrocellulose membrane (MSI Inc., Westboro,
Mass.) by overnight capillary transter in 10xSSC (20xSSC
=3M NaCl, 0.3M Na Citrate pH 7.0). The filters were baked
at 80° C. under vacuum for 2 hrs and then prehybridized at 42°
C. for 4 hrs 1n hybridization solution consisting of 50% for-
mamide, SxSSPE (1xSSPE =0.16 M sodium chloride, 50 mM
sodium phosphate pH 7.4, 1 mM EDTA), 1% SDS, 5xDen-
hardt’s solution (1xDenhardt’s solution =0.02 % each of
polyvinylpirrolidone, Ficoll and bovine serum albumin), 1
ug/ml poly-A and 100 ng/ml denatured salmon sperm DNA at
42° C. Hybridization was performed overnight at 42° C. in the
same solution with 10°cpm/ml of random-primed **P-la-
beled GP88 cDNA probe. Filters were washed twice for 25
minat42° C. 1 2xSSC and 1% SDS, followed by two 15 mm.
washes at 56° C. 1n 0.2xSSC and 1% SDS. Dned filters were
exposed to KODAK XAR-5 film (Kodak, Rochester, N.Y.) at
-70° C. with an mtensifying screen (Dupont, Boston, Mass.).
Results were quantitated by densitometric scanning. Riboso-
mal protein L,, mRNA was detected as internal standard for
normalizing RNA loading.

Preparation of Cell Lysate, Immunoprecipitation and Western
Blot Analysis

Cells 1n 10 cm culture dishes were washed once with PBS
buffer and lysed on 1ce for 10 min. with 1 ml PBS bufier
containing 1% Triton X-100. Cell lysate was sonicated for 10
seconds on 1ce, centrifuged at 10,000xg for 10 min., then the
supernatant was collected and stored at —70° C. until use.

Amounts of cell lysate and culture medium to be analyzed
were normalized by cell number of 18x10° and 3x10° respec-
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tively. The protease inhibitors: 200 uM PMSE, 1 uM leupep-
tin, 0.5 uM aprotinin, and 1 uM EDTA were added per
sample. Each sample was incubated at 4° C. for 4 hours with
5 ug of athinity purified ant1-K19T IgG conjugated to agarose
with shaking. Precipitates were collected by centrifugation,
washed three times with PBS buller, resuspended in 20 ul
SDS sample builer containing 5% {3-mercaptoethanol, boiled
for 5 min., and then separated by SDS-PAGE on 10% poly-
acrylamide gels according to the method of Laemmli (56).
Proteins were electro transferred to immobilon membranes
and GP88 detected using ant1 K19T antibody conjugated to
horseradish peroxidase and detected by enhanced chemilu-
minescence (ECL).

When expression of GP88 mRNA was investigated in the
three cell lines cultivated in DME/F12 medium supplemented
with 2% fetal bovine serum (FBS) our laboratory as a probe
the results show that the highest level of mRNA expression
for GP88 1s found in the highly tumorigenic PC cells (FIG.
1B).

The levels of GP88 protein expression were examined by

Western blot analyses using anti-K19 antibody both 1n cell
lysates and 1n culture medium of 1246, 1246-3 A and PC cells

as described above. As shown 1n FIG. 1A, the level of GP88
was undetectable 1n the culture medium of 1246 cells, 3T3,
and 1246-3 A cells and increased dramatically 1n the culture
medium of the highly tumorigenic PC cells. The same results
were obtained for GP88 expression 1n cell lysates.

GP88 expression was examined 1 1246 cells 1n different
culture conditions such as defined medium and serum con-
taining medium. It was shown that the level of expression of
GP88 mRNA (measured by Northern blot analysis) and pro-
tein (measured by Western blot analysis) mm 1246 and in
1246-3 A cells 1s inhibited when the cells are treated with 2%
fetal bovine serum indicating the presence of circulating
inhibitors of GP88 expression in fetal bovine serum (FIG.
1C). This inhibition of GP88 expression was also observed
when the activity of GP88 promoter linked to a luciferase
reporter gene was measured indicating that these inhibitors
are ellective 1n mhibiting the transcriptional activity of the
GP88 gene. Such inhibitors can be useful to develop GP8S8
antagonmizing agents which will be usetul as anti-tumor or
antiviral therapy. We have also showed that GP88 mRNA
expression 1s stimulated by EGF 1n the 1246 cells and by
insulin 1 the human mammary carcinoma cells MDA

MB-453.

EXAMPLE 4

GP88 Expression and Biological Activity in
Mammary Epithelial Cells

(a) Expression of GP88 1n Breast Carcinoma Cells.
Experiments were carried out to examine the level of GP88
expression in breast carcinoma and to examine 1f GP88 1s a
growth factor for mammary epithelial cells. The rationale 1n
support of this possibility 1s: GP88 1s a potent growth stimu-
lator for mammary epithelial cells (see next paragraph);
receptors for GP88 (our studies) and processed form epithelin
1 (54) have been characterized on mammary epithelial cells;
breast carcinoma cell lines with different degrees of hormonal
dependency are available for study; and lastly there are a
growing number of reports emphasizing the importance of the
insulin/IGF pathway 1n the growth control of mammary cells
indicating that an escape from this regulation 1s occurring in
malignant breast carcinomas (14, 15). Since PC cells which
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display an over expression of GP88 are insulin/IGF indepen-
dent, this would support the rationale of GP88 deregulation in
human breast carcinoma.

We have ivestigated the level of expression of GP8S8
mRNA 1n three well studied human breast carcinoma cell
lines, MCF-7, which 1s estrogen receptor positive (ER+), and
two cell lines, MDA-MB-4353 and 468, being estrogen recep-
tor negative (ER-). MDA-MB-468 has also been character-
ized as having a defective msulin and insulin-like growth
factor signaling (53). FIG. 5 shows that GP88 mRNA 1is
expressed in the three cell lines but that the level of expression
1s higher 1n the ER - cell lines, MDA-MB-453 and 468, than
in the ER+MCF’/ cells, indicating that in human breast car-
cinoma, increased malignancy may be accompanied by
increased GP88 expression.

(b) Biological Activity of GP88 1n Mammary Epithelial Cells

We investigated the effect of GP88 on the proliferation of a
variety of cell lines including fibroblasts and mammary epi-
thelial cells. We have found that GP88 had a profound growth
promoting effect on the mouse mammary epithelial cell line
C57MG. As shown 1n FIG. 6, a 5-fold increase in DNA
synthesis was observed at a concentration of 150 ng/ml (2
nM) either with GP88 purified from PC cells or with recom-
binant GP88 expressed 1n insect cells.

The ability of GP88 purified from PC cells (upper panel)
and recombinant GP88, rGP88 (lower panel), to stimulate
DNA synthesis in C37MG cells was measured by incorpora-
tion of *H-thymidine in serum-starved quiescent cells. Inter-
estingly, 1n contrast to the growth promoting effect of GP88
on breast epithelial cells, the 6 kDa epithelin 2 (ep1 2) has been
reported as a growth inhibitor, atleast for MDA-MB-468 cells
when given at concentrations up to 100 nM (54). These data
suggest that the precursor, 1.e., GP88, and the processed form,
1.€., ep1 2, have opposite eflects on mammary epithelial cell
growth.

EXAMPLE 5

Cloning of GP88 cDNA

(GP88 protein purified from PC cell conditioned medium
was sequenced after digestion with cyanogen bromide and
trypsin. Sequences of N-terminal regions and 6 peptides were
obtained (4). Sense and antisense redundant oligonucleotide
primers complementary to the obtained amino acid sequences
were synthesized and used in the polymerase chain reaction
using the touch down PCR method with first strand cDNA of
PC cells as template. From the touch down PCR using a
primer pair SCV157 and ANG300, a 444 bp amplified prod-
uct was obtained. This ¢cDNA was then used to screen a
lambda-ZAP ¢cDNA library prepared from PC cells 1n our
laboratory. One million unamplified plaques were screened
by plaque hybridization with **P-labeled PCR generated
cDNA fragment. Positive clones were 1solated by an addi-
tional 3 rounds of plaque purification. Full length GP8S8
cDNA clone was obtained and sequenced. Full length cDNA
was 2137 nucleotides 1n length with the first ATG located at
23 bp from the 5' end, an open reading frame (ORF) 1770
nucleotides long, and a 3'untranslated region having a polyA
tail at position 2127. The sequence was 1dentical to the pub-
lished mouse granulin (35) except for one nucleotide (T instead
of ) at position 1071 of GP88 cDNA (position 1056 of
mouse granulin), which resulted in the change of amino acid
from arginine to leucine, and a nucleotide substitution at
position 1483 with no change 1 amino acid (FIG. 8). This
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study demonstrated that GP88 1s similar to epithelin/granulin
precursor and provided a cDNA to pursue our study of GP88
CXPression.

EXAMPLE 6

Expression of Mouse GP88 cDNA 1n Baculovirus

For recombinant GP88 production, the method of choice
was to express GP88 1n the baculovirus system. A full length
GP88 ¢cDNA (obtained by screening PC cell cDNA library)
including the signal peptide was ligated into the baculovirus
transier vector pVL1392 (in Vitrogen, San Diego, Calif.).
Plasmid pVL1392-GP88 was used to co-transtect S19 msect
cells with baculovirus DNA. Recombinant viruses encoding
GP88 were 1solated and plaque purified. For infection and
production of recombinant GP88, S19 cells were seeded 1n
Grace’s medium contaiming 10% fetal bovine serum (FBS) 1n
T75 cm” flasks. After infection with recombinant baculovi-
rus-GPR&8, insect cells were maintained 1in Grace’s medium
for 48 hours at 27° C. Conditioned medium was collected by
centrifugation and recombinant GP88 (rGP88) was purified
by a 2 step purification protocol consisting of heparin-
sepharose and immunoaiiinity chromatography as described
in Example 6. SDS-PAGE analysis of rGP88 indicated that
rGP88 migrates faster than PC cell dertved GP88 correspond-
ing to an apparent MW of 76 kDa. N-terminal sequencing
analysis of rGP88 indicated that 1t was 1dentical to GP88
purified from PC-CM. The difference of molecular weight
between GP88 and rGP88 1s due to a difference 1n glycosy-
lation status of GP8R¥ 1n insect cells. As shown 1n FIG. 6,
biological activity of rGP88 was 1dentical to that of GP88
purified from PC cells, indicating that the different glycosy-
lation status of GP88 1n mnsect cells and mammalian cells did
not affect the biological potency of the protein.

The rGP88 produced from insect cells can be used for
biological, and binding studies and to develop monoclonal
antibodies to the intact GP8Y

EXAMPLE 7

Purification of GP88 and Recombinant GP88 by
Alfinity Chromatography

The conditioned medium (2000 ml) from PC cells was
diluted with the same volume of H,O and loaded on a 2.5 ml
heparin-sepharose CL-6B column equilibrated in 10 mM
sodium phosphate buifer pH 7.4 containing 75 mM NaCl
(Pharmacia, Uppsala, Sweden). The column was washed with
at least 10 bed volumes of the same equilibration buifer
followed by a wash with 10 mM sodium phosphate buifer
containing 0.15 M NaCi. The fraction containing GP88 was
eluted with 5 bed volumes 01 0.4 M NaClI, 10 mM Tris-HCI,
pH7.5. The eluate was stored at —20 C for further purification.
A synthetic peptide K19T (SEQ ID NO: 3) (sequence: KKVI-
APRRLPDPQILKSDT) was used to raise the antisera against
the GP88 used 1n the immunoallinity step. The K19T peptide
was linked to CNBr-activated Sepharose 4B according to the
method provided by the manufacturer (Pharmacia, Uppsala,
Sweden). The specific ant1-K19 antibody was purnified using
the K19T peptide aflinity column by elution at acidic pH.
Specifically, ant1-K 19T 1gG was applied to a K19T peptide-
Sepharose 4B column equilibrated with 10mM sodium phos-
phate buiter pH 6.5 (Builer A) at a tlow rate of 0.8 ml/hr, and
circulated at 4° C. overnight. After washing the column with
7 ml of Butfer A, the conjugate was eluted with 1 ml of HCI,
pH 2.9, then 1 ml of HCI, pH 2.5 at a flow rate of about 0.1
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ml/min 1n a tube containing 0 1 ml of 1M sodium phosphate
buifer pH 7.0 to neutralize the pH. The concentration of

allinity-purified IgG was determined by the absorbance at
280 nm.

The purified Ab-K19T (1 mg) was then conjugated to 1 ml
of agarose beads (Sulfolink coupling gel, Pierce, Rockiord,
I11.) using protocols provided by the manufacturer. The final
coupled column contained 600 pg anti-K19T/ml gel. The
Ab-K19T agarose was packed in a column and washed exten-
stvely with PBS. The eluate from heparin sepharose CL-6B
column was diluted with 3 volumes H,O and loaded on the
Ab-K19T column. After washing the column with builer
consisting of 750 mM NaCl 1n 10 mM NaPO4 pH 7.5, the
fraction containing GP88 was eluted by elution butier (150
mM NaCl, pH 2.5 (HCI)). To neutralize, ¥10 volume (v/v) 1 M
sodium phosphate pH 6.5 butler was added to the eluate and
the protein concentration was determined by amino acid
analysis or micro BCA kit (Bio-Rad, Richmond, Calif.). In
general 50 ug of GP88 was purified on a 350 ul column.

This method 1s also adequate for the purification of recom-
binant GP88 such as constructed 1n a baculovirus expression
vector and expressed 1n 1nsect cells. This method 1s also
adequate to purily human GP88 using for the immunoailinity
step human GP88 antibody conjugated to adequate support
(sepharose or agarose).

EXAMPLE 8

Development of Neutralizing Antibody for GP88

Peptides corresponding to various regions of mouse and
human GP88 were synthesized and conjugated to keyhole
limpet Hemocyanin (KL H) by the “glutaraldehyde method. ™
Peptide KLH conjugate was mnjected into chinchilla rabbits to
raise anti-GP88 antibody. Two peptides, K19T and S14R,
listed below, were found to generate neutralizing antibodies.
Equivalent regions such as E19V of the human GP88 amino
acid sequences were used to develop neutralizing anti-human
G P88 monoclonal antibodies. Peptides were as follows:

P12T (SEQ ID NO: 4) PDAKTQCPDDST

from P208 to T219

K19T (SEQ ID NO: 3) KVIAPRRLPDPQILKSDT
from K344 to T362

S14R (SEQ ID NO: 3) SARGTKCLRKKIPR

from S562 to R575

E19V (SEQ ID NO: 6) EKAPAHLSLPDPQALKRDV
(human GP&8)

Al4R (SEQ ID NO: 7) ARRGTKCLRREAPR
(human GP&8)

Properties of anti-sera are the following:

(1) Ant1-K19T, ant1-S14R and ant1-E19V antibody recog-
nize an 88 kDa GP88 1n conditioned medium of cells in
culture, 1n cell lysates and 1n tissue extracts.

Tissue distribution of GP88 protein expression indicates
that 1t 1s widely expressed and that most tissues express the
unprocessed precursor, 1.e., GP88, rather than processed 6
kDa forms, 1.¢., ep1 1 and 2. GP88 1s found 1n serum (mouse
serum contains about 150 ng 88 kDa GP88/ml), and
expressed 1n adipose tissue, 1n brain (molecular weight varies
between 45 and 88 kDa), 1n testes, 1n ovary, 1 liver and in
kidney.

(2) Ant1-K19T antibody i1s a neutralizing antibody. Anti-
K19T antibody neutralizes the biological effect of GP88
secreted by PC cells which 1s required for their proliferation.
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(FIG. 2). Addition of anti-K19T IgG 1nto culture medium of
PC cells results 1n a dose dependent inhibition of PC cell
growth. Non-immune IgG had no effect. Inhibition of cell
proliferation of cells expressing GP88 has also been obtained
using monoclonal antibody K19T for PC cells, rat leukemia
cell lines and using monoclonal antibody E19V for neutral-
1zing human GP88 in human breast carcinomas. This dem-
onstrates that the E19V region of human GP88 (and K19T
region of mouse GP8Y) 1s a region of great biological impor-
tance and that any antibody raised against this region will
result in obtaining a neutralizing antibody that can be used for
therapy of diseases due to increased GP88 expression or
increased responsiveness to GP88. The same 1s true for the
S14R region of mouse GP88 and Al14R region of human
GP88.

(3) Ant1 E19V monoclonal antibody 1s a neutralizing anti-
body. We have shown that at a dose of 100 ug/ml, E19V
antibody inhibits the growth of the human breast carcinoma
cell line MCF7 by 50% using “H-thymidine incorporation
assay as described above for PC cells.

EXAMPLE 9

Growth and Tumorigenic Properties of Cells
Transtected with Expression Vector Containing,

GP&8 ¢cDNA 1n Antisense Orientation.

The examples above demonstrate that GP88 i1s overex-
pressed by the highly tumornigenic PC cell line. Since the
cultivation of PC cells 1n the presence of neutralizing anti-
GP88 antibody had resulted in growth inhibition, 1t indicated
that GP88 1s required for the growth of PC cells. In order to
test whether GP88 overexpression 1s responsible for the high
tumorigenic properties of PC cells 1n vivo, we examined the
growth properties and the tumorigenic ability of PC cells
transfected with a cytomegalovirus promoter controlled
expression vector containing GP88 cDNA 1n antisense orien-
tation 1n order to obtain high levels of antisense RNA tran-
scription. As control, we used PC cells transfected with empty
vector.

A 228 bp fragment of GP88 cDNA was cloned in the
antisense orientation in pCMV4 expression vector (Anders-
son, S., etal, 1989) (51) containing CMYV promoter and hGH
transcription termination and polyadenylation signals
(pCMV4-GP8BAS). PC cells were co-transiected with the 20
ug of antisense pCMV4-GP8BAS and 2 ng of pRSVneo
expression vector containing the neomycin resistant gene by
the calcium phosphate method. Control cells were co-trans-
tected with empty pCMV4 vector and pRSVneo as described
above. Transfected cells were selected 1n the presence of
neomycin. Neomycin resistant colonies were cloned and cells
were assayed first by detecting the presence of pCMV4-
GP88AS by PCR. Twenty-four positive neomycin resistant
clones containing the antisense pCMV4-GP88AS were 150-
lated. Nine have been 1solated and screened for expression of
the antisense transcript. Three clones were further character-
1zed. Western blot analysis of cell lysates and conditioned
medium using anti-GP88 antiserum (1.e., anti-K19T anti-
body) was performed 1n order to determine the level of GP88
expression 1n transiected antisense cells and control cells
(FI1G. 7). Culture medium and cell lysates were prepared by
immunoprecipitation with anti-K19T antibody. Protein
samples corresponding to 3x10° cells/lane were analyzed by
Western blotting with anti-GP88 antibody. The results indi-
cate that GP88 levels are significantly lower 1n antisense, than
in control, transiected cells particularly for AS1 and AS18
clones.



US 7,592,318 B2

27
Stable Transtection of Antisense GP88 ¢cDNA into PC Cells

PC cells were transfected with a 228 bp antisense cDNA
fragment of GP88 including start codon region obtained by
digesting with Sma I and Xba I GP88 cDNA clone and clon-
ing the obtained cDNA fragment in the antisense orientation
into Xba I and Sma I site of the mammalian expression vector
pCMV4 as shown 1 FIG. 11. The stable transiection of PC
cells was performed by the Calcium Phosphate method (55)
in DME medium (Dulbecco’s Modified eagle Medium) con-
taining 3.7 g/L. sodium bicarbonate supplemented with 10%
FBS. 2-4 hours prior to transfection, a calctum phosphate
precipitate was made with 20 ug of plasmid pCMV4 con-
structed with antisense GP88 cDNA, 2 uof plasmid carrying
neomycin resistance selectable marker (pRSVNEQ), and 20
ug of pSK as carrier DNA. After 25 minutes, the precipitate
was added dropwise to the cells. After 7 hours, the medium
was aspirated and the cells were shocked with 10% DMSO in
PBS for 2-3 min., washed twice and fed with complete
medium (DME supplemented with 10% FBS). One day after
transiection, the cells were split 1:3 and selected for resis-
tance to Geneticin (G-418 Sulphate, Gibco-BRL) at 400
ug/ml. Media was changed 2 days later to remove dead cells

and every 3-4 days thereafter. 10-14 days after the 1:3 split,
colonmies were picked with a cloning ring and transferred into
48 well plate, then passaged into 24 well plate, 12 well plate,
and 60 mm dish subsequently. The transiectants were ana-
lyzed or frozen. Co-transiection of the empty pCMV4 vector
and pPRSVINEO was used for raising the empty vector control
transiectants.

After being selected by their ability to grow in the presence
of Geneticin, the transiected clones were analyzed by two
assays as described below:

The presence of the antisense cDNA construct 1s tested by
PCR analysis of genomic DNA of transiected clones using as
primers an oligonucleotide located in the CMV promoter
(SEQ ID NO: 8) (5'-CCTACTTGGCAGTACATCTACGTA-
3") and the other corresponding to the start codon of GP88
cDNA (SEQ ID NO: 9) (5'-CGAGAATTCAGGCAGAC-
CATGTGGGTC-3"). These primers would amplify a 551 bp
DNA fragment from genomic DNA of transfected cells con-
taining the antisense DNA construct described above.

Then, the level of GP88 protein in antisense transiected
clones was measured by Western blotting analysis of cell
lysates and conditioned media collected from the transtected
clones using anti-K19T antibody to measure the efficacy by
which the antisense GP88 inhibited the endogenous GP88
protein expression. Antisense clones that showed the highest
degree of mhibition of GP88 expression were selected for
analysis of their growth properties in vivo as described below.
Analysis of GP88 expression in empty vector control trans-
tected clones was done similarly.

The methods used in these various assays will now be
described 1n detail.

PCR Selection of Transfectants

The presence of the antisense construct 1n the transiected
cells was determined by PCR analysis of their genomic DNA
using as sense primer SP647 (SEQ ID NO: 8)(3'-CCTACT-
TGGCAGTACATCTACGTA-3") corresponding to CMV

promoter region and antisense primer SP7 (SEQ 1D NO: 10)
(5'-CGAGAAIFICAGGCAGACCATGTGGGTC-3") corre-

sponding to start codon region of GP88. The sense primer
SP6477 and antisense primer AP912 (SEQ ID NO: 11) (5'-
CTGACGGTTCACTAAACGAGCTC-3") both located in
the CMV4 promoter were used to test whether CMV pro-
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moter was inserted into the genomic DNA of control trans-
tectants which had been transfected with empty pCMV4 vec-
tor.

For extracting genomic DNA for the PCR analysis, the
transiectants were lysed by buffer A (100 mM KCI, 10 mM

Tris-HCI [pH 8.3], 0.45% Tween 20 and 0.45% NP40) an
proteinase K 120 ug/ml, incubated 1n 60° C. 1 hr, followed by
boiling for 15 min. 50-100 ng DNA of each clone was used as
template for PCR reaction. Non-transiected PC were used as
negative control. Constructed plasmid DNA was used as posi-
tive control.

The PCR reaction was performed 1n 20 ul reaction mixture
containing 10 mM Tris-HC1 pH 9.0, 50 mM KCI, 1.5 mM

Mg(Cl2, 0.1% Triton X-100, 0.2 mM dNTPs, 0.5 units Taq
DNA polymerase, 3.2 pMol of each primer, and 50-100 ng of
template DNA. The reaction tubes were heated to 95° C. for
3 minutes, and then subjected to 40 cycles of 94° C. for 1
minute, 55° C. for 2 minutes, and 72° C. for 3 minutes with a
10 minutes 72° C. extension i1n a programmable thermal
controller. Products were analyzed on a 1% agarose gel
stained with ethidium bromide. The expected size of the
amplified fragment corresponding to the presence of the anti-
sense construct with the primers chosen was 551 bp.

Measurement of GP88 Protein Expression in Antisense and
Control Transfected Clones

The function of transfecting antisense GP88 DNA 1n the
cells 1s to mhibit endogenous GP88 expression. Therelore,
the transfected clones of cells which had been selected by the
assays described above (1.e., neomicin resistance and pres-
ence of antisense DNA 1n genomic DNA) were examined to
determine the degree of inhibition of endogenous GP8S8
expression. This was examined by measuring the level of
GP88 1n cell lysates and 1n conditioned medium from anti-
sense transiected clones and empty vector transtected control
clones by immunoprecipitation and Western blot analysis
using anti-K19T antibody by the methods previously
described. The transiected clones that displayed the highest
degree of 1nhibition of GP88 expression were further ana-
lyzed to examine their growth properties 1n vitro and 1n vivo.

Cell Growth Assay

Cells were plated at a density of 3x10* cells/well (12 well
plates, Corning) 1in 2 ml of DME/F-12 medium (1:1 mixture)
supplemented with 2% FBS or 2 ug/ml human fibronectin and
10 pg/ml human transferrin. Five days later, cells were
washed with PBS, and cell number per well was determined
by counting cells from duplicate wells using Coulter Counter
alter trypsinization.

The results showed that the antisense GP88 transiected PC
clones showed a slower growth when cultivated either 1n
serum containing medium and 1n defined medium (2F
medium) than the empty vector control PC cells cultured
under equivalent conditions. These results are 1n agreement
with the fact that GP88 1s required by the PC cells to prolit-
erate. Since 1ts expression 1s ihibited by the antisense, the
growth of the antisense transfected cells 1s mnhibited as a
result.

Tumorigenicity Assay

S1x weeks old female C3H mice were used for tumorige-
nicity assays. Sense/antisense or control transiectants were
injected subcutaneously mnto syngeneic C3H mice at the den-
sity of 10° cells per animal. The appearance and size of
tumors were examined. The mice were killed 45-350 days after
injection. Tumors were excised, their weight determined and
the tumors were quick frozen and kept at -70° C.
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In vivo tumorigenicity studies were are carried out by
injecting 5x10° antisense and control cells (transfected with
empty vector and nontransiected PC cells) subcutaneously 1n
syngeneic C3H female mice. Mice were observed every day
for appearance of tumors by scoring the time of tumor appear-
ance and the size of tumor. After 50 days, mice were killed
and blood was collected by heart puncture. Tumors were
excised, weighed and either fixed for pathological examina-
tion or quick frozen 1n liquid nitrogen. Other organs of the
mice were also collected and examined.

Tumorigenicity for antisense clones and control clones was
examined and compared to the wild type PC cells. Table 1
above, shows the results obtained with one of them. FIG. 3
shows the picture of tumor bearing mouse detected with 10°
control transtected cells and of mouse 1njected with antisense
clone. Empty vector control transfected clones maintained
similar tumorigenic properties as the parent PC cells, whereas
no tumor formation was observed 1n the mice injected with
antisense clones. Even after 90 days, these mice still did not
present tumors. This experiment was repeated twice. More-
over, additional clones (2 antisense and 2 control) were also
examined. The same results were obtained with other anti-
sense clones.

Antisense cDNA for Human GP&R

The approach for stable transfection of antisense GP88
cDNA 1n PC cells described above has also been applied to
inhibiting GP88 expression in human breast carcinoma cell
lines.

In this case, the human antisense cDNA construct con-
sisted of a 400 bp cDNA fragment inserted in the antisense
orientation in the commercially available pcDNA3 mamma-
lian expression vector (In Vitrogen, San Diego, Calif.) which
contains pCMV4 cytomagelovirus CMYV promoter and neo-
mycin resistant gene so that double transfection of pCMV4
and pRSVneo 1s not required like the ones described above

tor PC cells.

To generate the antisense cDNA fragment the following
pairs ol primers with appropriate restriction enzymes sites
were synthesized and used in the PCR reaction:

A-hGP88: (SEQ ID NO: 12)
5'-Al OGGATCCACGGAGTTGTTACCTGATC -3
(position nt: 362-344)

H-hGP88: (SEQ ID NO: 13)
5'-A1O0GAATTCGCAGGCAGACCATGTGGAC-3!
(position nt: -12 to +8)

The amplified cDNA fragment with EcoRI and BamHI

restriction sites was inserted in the antisense orientation 1n the
EcoRI and BamHI sites of the pcDNA3 mammalian expres-
sion vector. This expression vector construct called pCAS
was transfected in the human mammary carcinoma cell line
MCF7 and MDA-MB-468 DME-F12 medium supplemented
with fetal bovine serum by the calcium phosphate method
(55). Selection of transtected cells was done by cultivating the
cells 1n the presence of 800 ug/ml of Geneticin to select cells
that are neomicin resistant. Neomicin resistant clones were
picked with cloning rings and passaged 1n medium supple-
mented with 10% fetal bovine serum (FBS) and with geneti-
cin (800 ng/ml). Transfected clones selected for their resis-
tance to geneticin were further examined by methods similar
to the ones described above for PC cells transtected with
mouse GP88 antisense cDNA. The presence of the antisense
cDNA construct 1n genomic DNA was checked by PCR
analysis using as primers for the PCR reaction T7 primer 1n
the pcDNA3 expression vector and H-hGP88 primer
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described above. PCR reaction amplified a 420 bp DNA frag-
ment 1n cells that expressed the transfected human GP88
antisense DNA fragment.

Expression of endogenous GP88 was determined by West-
ern blot analysis of cell lysates and conditioned medium of
transiected clones using ant1 E19V antiserum to select anti-
sense clones with maximum inhibition of GP88 expression.
Selected antisense clones were further analyzed to examine
their growth properties in vitro and 1n vivo. Transiection of
empty pcDNA3 vector in MCEF/7 and MDA-MB-468 cells was
performed as control for these experiments.

An alternative method to transfection of antisense cDNA 1s
to use antisense oligonucleotides. It 1s known 1n the art that
sequences around the translation 1imtiation site (ATG encod-
ing the first methionine) provide good sequences for efficient
antisense activity. Secondly, sequences with an adequate GC
content and that start with either a G or a C have increased
elficiency and stability 1n forming a hybrid with correspond-
ing sense sequence (32, 37, 38). Based on this rationale, it 1s
anticipated that the following two sequences will be effica-
cious as antisense oligonucleotides to human GP88. The first
one 1s a 22-mer named HGPASI] starting 11 nucleotides
upstream of the first ATG (methionine codon): HGPASI
(SEQ ID NO: 14) (22): 5'-GGGTCCACATGGTCTGC-
CTGC-3". The second oligomer 1s a 24 mer named HGPAS2
(24) located 21 nucleotides 3'(downstream) of the first ATG:
HGPAS2 (SEQ ID NO: 15) (24):5'-GCCACCAGCCCT-
GCTGTTAAGGCC-3". Other oligonucleotide antisense
sequences can be explored by those of ordinary skill given the
teachings herein. To judge the efficacy of a sequence to inhibit
GP88 expression, oligonucleotides will be added to breast
carcinoma cells 1n culture or any other human cell types under
study 1n 1ncreasing doses. Cells will be collected at various
time points (12 hours to several days) to measure the level of
expression of GP88 protein by Western blot analysis or EJA
using an antthuman GP88 antibody, using techniques known
to those of ordmary skill i the art. Control cells will be
treated with a nonsense or a sense oligomer.

EXAMPLE 10

Inhibition of Tumor Growth in Humans

The present example provides the following:

Comparison of the expression of GP88 mRINA and protein
in non tumorigenic mammary epithelial cells MCF10A and 1n
malignant MCF7 and in MDA-MB-468 cells

Growth of malignant MCF7 and MDA-MB-468 cells inthe

presence ol neutralizing anti-human GP88 antibody (anti-
human E19V monoclonal antibody) leads to inhibition of
proliferation of cells.

Proliferation 1in vitro and tumorigenicity in vivo of human
breast carcinoma cells are inhibited by inhibiting GP88
expression by antisense GP88 DNA.

Comparison of GP88 Expression in Non Tumorigenic

Human Mammary Epithelial Cells and in Tumorigenic Breast
Carcinoma Cell Lines

We 1nvestigated the expression of GP88 mRNA and pro-
tein 1n three human breast cell lines: The MCF10A cell line,
which 1s a non tumorigenic human mammary epithelial cell
line, and 1n two human breast carcinoma cell lines, MCFE7
which 1s estrogen receptor positive and MDA-MB-468 which
1s estrogen receptor negative.

Expression of GP88 mRNA expression was done by
Northern blot analysis of total RNA extracted from these cell
lines using a radiolabeled human GP88 cDNA probe. Expres-
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sion of GP88 protein was measured by Western blot analysis
of immunoprecipitated GP88 using either rabbit anti-human
GP88 polyclonal antibody or the anti-human E19V mono-
clonal antibody. This latter antibody was developed by immu-
nizing mice with human peptide E19V conjugated to protein
as described 1n Example 8.

Anti-human GP88 antibodies that we have now at our
disposal are: polyclonal antthuman GP88 antibody developed
in rabbits using as antigen a 37 kDa fragment of human GP88
expressed as a histidine tagged protein 1n bacteria, and the
anti-human GP88 antibody (polyclonal and monoclonal)
developed by using as antigen E19V peptide conjugated to
keyhole limpet hemocyanin. Development of these antibod-
1ies (polyclonal and monoclonal) are described above. All of
these antibodies can be used for immunoprecipitation and
Western blot analysis of human GP88 1n human tissues and
cells.

The Northern blot analysis shows that the expression of
GP88 mRNA 1n the non tumorigenic MCF10A cells 1s very
low and increases at least 5-10 times 1n the human breast
carcinoma cell lines MCFEF7 and MDA-MB-468 (FIG. 14).

The results of the Western blot analysis of the three cell
lines show that GP88 protein expression 1s undetectable 1n
culture medium (CM) collected from the non-tumorigenic
MCF10A cells, whereas it increased 10-20 times 1n media
conditioned by the MCFE7 cells and by the MDA-MB-468
cells. In addition to being secreted 1in the culture medium of
the breast carcinoma cells, GP88 protein 1s also expressed at
high levels 1n cell lysates of the maligant cells, whereas 1t 1s
undetected 1n the non tumorigenmic MCF10A cells.

These data confirm that human breast carcinoma cells
overexpress GP88 when compared to non tumorigenic human
mammary cells.

Inhibition of Growth of Malignant MCP’7 and MDA-MB-468
Cells 1n the Presence of Neutralizing Anti-human GP88 Anti-
body (Anti-human E19V Monoclonal Antibody)
Experiments were carried out 1n which human breast car-
cinoma MCF7 cells were incubated with different doses of
anti-human GP88 monoclonal antibody (anti-E19V peptide
IeG fraction). Proliferation was measured by ["H] thymidine
incorporation into DNA. Control cells consisted of cells incu-
bated with the same amount of unrelated mouse IgG. Results
show that incubation of MCF7 cells with 25 ug/ml of anti-
(G P88 monoclonal antibody leads to a 50% inhibition of thy-
midine incorporation, whereas 100 ug/ml resulted 1n an 80%
inhibition of proliferation. Stmilar results were found as 1ndi-
cated above for MDA-MB-468 cells. These data again con-
firm that (1) anti-human E19V antibody neutralizes human
GP88, and (11) malignant human cells which secrete high
levels of GP88 1n culture medium and which require GP88 to
proliferate can be effectively inhibited by treatment with anti-
human GP88 neutralizing antibody, thus demonstrating that
inhibition of GP88 action on tumor cells 1s an effective

therapy for inhibiting tumor growth of cells overexpressing,
GP8S.

Proliferation In Vitro and Tumorigenicity In Vivo of Human
Breast Carcinoma Cells are Inhibited by Inhibiting GP88
Expression by Antisense GP88 DNA

Human breast carcinoma MDA -MB-468 cells were stably
transiected with antisense human GP88 ¢cDNA construct (400
bp fragment inserted into pcDNA3 expression vector). This
construct 1s described 1n Example 9. Stable antisense clones
were 1solated and characterized. In particular, antisense
clones were selected based on the fact that expression of
(P88 was effectively inhibited. This was determined by mea-
suring GP88 expression in antisense cells and empty vector
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control cells by Western blot analysis of cell extracts and
conditioned medium using antiGP88 antibody. Several
clones were obtained and characterized. Similar results were
obtained with all antisense clones 1solated. Data presented
here concern one antisense clone called 468 AS. As shown in
FIG. 15, transtection of antisense GP88 cDNA in MDA-MB-
468 cells (468A8) resulted 1n 1nhibition of GP88 protein
expression when compared to empty vector control MDA -
MB-468 cells (468 Cont).

Measurement of the proliferation rate of antisense GP88
and empty vector control cells indicated that antisense cells
had an 80% inhibition of cell proliferation when compared to
the empty vector transfected cells. Our data with all the clones
analyzed also showed that the extent of growth inhibition was
directly correlated to the degree of inhibition of expression of
(P88 1n the antisense clones.

Antisense human breast 468 AS cells which displayed the
highest inhibition of GP88 expression, and empty vector con-
trol (468 Cont) cells were injected subcutaneously into
female nude mice in the breast area at a density of 2x10°
cells/mouse using 4 mice per cell line. Tumor appearance was
monitored by visually inspecting the mice. After 4 weeks, the

mice were sacrificed, tumors were excised and weighed (see
Table 3 below).

TABLE 3
Effect of inhibition of GP8Y expression by antisense GP88cDNA
transfection on tumor growth of human breast cancer
cells MDA-MB-468 in nude mice

Cells Mice bearing tumors Weight of tumors (g)
468 Cont empty 4/4 0.2 +0.06
vector
468 AS antisense GP8Y 3/4 0.05 £ 0/025%*

(**p = 0.01 significant)

The results show that inhibition of GP88 expression resulted
in a 75% inhibition of tumor growth for human breast carci-
noma cells.

This experiment demonstrated that inhibition of GP8S8
expression in human breast carcinoma cell lines leads to
inhibition of tumorigenicity.

EXAMPLE 11

Diagnostic Test for Tumorigenicity

In teratoma and in breast cancer, an increase in tumorigenic
properties 1s associated with an increase 1n GP88 expression
or an 1ncrease 1 GP88 responsiveness.

Moreover, FIG. 4 shows that the level of expression of
GP88 1n tumor tissue i1s increased when compared to the
surrounding tissues. Accordingly, increase of GP88 level can
be used as a diagnostic approach to detecting tumor. In human
tumor biopsies, a change (1increase) in GP88 expression when
compared to the level of GP88 in normal corresponding tis-
sues 1s indicative of the state of tumorigenicity or malignancy
ol the tissue biopsy analyzed. Increase 1in expression of GP88
can be measured at the mRNA level or at the protein level.
G P88 mRINA expression can be measured either by Northern
blot analysis, RNAse protection assay or RT-PCR

(P88 protein expression 1s quantitated by ELISA,
RIA using an anti-GP88 antibody.

The ability to measure GP88 expression 1n tissue extracts
in comparison to corresponding tissues from normal subject
can be used to predict the degree of tumorigenicity of a

EIA or
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particular cancer or to determine whether this particular can-
cer will be responsive to anti-GP88 therapy.

For diagnosis of diseases associated with increase 1n GP88
responsiveness, tissue biopsies to be analyzed will be treated
with anti-GP88 neutralizing antibodies or ant1-GP88 receptor
antibodies to see 11 such treatment inhibits growth of the cells.
Alternatively, the ability of GP88 antisense oligonucleotides
to inhibit growth indicates that expression of GP88 1s required
for growth 1n vivo.

EXAMPL.

L1

12
Characteristics of GP88 Cell Surface Receptors

Binding of1odinated GP88 to a variety of cell lines CCL64,
1246, PC and the mammary epithelial C57MG was deter-
mined 1n order to examine the biochemical characteristics of
GP88 cell surface receptors using the methods described
below. For these studies we used atlinity purified recombinant
GP88 (rGP88) from the culture medium of baculovirus
infected SP9 insect cells as ligand. Methods to prepare rGP88
have previously been described.

a) lodination of GP8S8.

Recombinant GP88 (rGP88) was 1odinated by the
chloramine T method at 4° C. Other known methods can also
be applied. Briefly, 1 ug of GP88 was incubated for 2 min with
12> Na (100 pCi) that had been preincubated for 90 seconds
with 2 ug chloramine T. The reaction was quenched with the
addition of 100 ul saturated tyrosine, 10 ul of a 1% solution of
bovine serum albumin (BSA) and 2 ug of sodium met-
abisulfite. After addition of 100 ul PBS, the 1odinated protein
was separated from free Na '*°I by gel filtration on a Sepha-
dex-G50 column that had been preincubated with PBS con-
taining 1% bovine serum albumin and then extensively
washed with PBS to reduce non-specific binding. The labeled
proteins were eluted with PBS and fractions monitored for
radioactivity. Amount of incorporated radioactivity was esti-
mated by TCA precipitation. Specific activity of "*>I-GP88
was typically 30-50 uCi/ug. This method and other methods
for 1odination of proteins are well known to people skilled 1n
the art can also be used to 10dinate PC derived GP88 rather
than rGP88 or any derivatives thereof.

b) 1*°I-GP88 Binding.

The example provided here describes binding assay with
the mink lung epithelial cell line CCL64 but has also been
applied to several cell lines including the 1246, PC cell lines
and the mammary epithelial cell line C37MG. The binding
assays were performed on cell suspension. CCL64 cells were
cultivated as monolayer in DME medium supplemented with
10% fetal bovine serum (FBS) until they reached confluency.
At that time, cells were washed with PBS and detached by
incubation with a solution 01 0.25 mg/ml of trypsin and 1 mM
EDTA. The cells were harvested by centrifugation, washed
with culture medium and counted with a hemocytometer. For
binding assays, 10° cells were resuspended in 500 ul of bind-
ing bufler consisting of DME medium supplemented with 1%
bovine serum albumin in 1.5 ml ependort tubes and incubated
for 2 hours at 25° C. with 10° cpm of ' *°I-rGP88 and increas-
ing concentrations of cold rGP88 from 1 to 100 ng/ml. Bind-
ing was stopped by centrifuging the cells followed by 3 suc-
cessive washings at 4° C. with cold binding buffer followed
by centrifugation. Cell pellets were counted with a gamma
counter. Scatchard analysis of binding data was carried out by
computer Ligand program. Values correspond to the average
of three separate experiments with duplicate determinations
per experimental point. Scatchard analysis of binding of **”1I-
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GP88 to CCL64 cells was curvilinear corresponding to the
presence of two classes of cell surface receptors: a high aflin-
ity class with a Kd of 4.3+x1.5x107"" M, 560+170 sites/cell

and a low aflinity class of receptors with a Kd of 3.9£1.9x
107°M, 17,000+5900 sites/cell.

¢) Cross-Linking Studies of '*°I-GP88 to CCL64 and Other
Cell Lines.

Cross-linking of "*>I-GP88 to cell surface receptors was
carried out using disuccinimidyl suberate (DSS). For cross-

linking studies, 5x10° cells were suspended in 250 ul of
binding buffer in eppendorftubes. '*>I-GP88 was added in 50

ul of binding bufier (DME medium with 1% BSA) with or
without 100 fold excess unlabeled GP88 ligand. Binding was
performed as described 1n the previous paragraph. At the end
of the incubation period, the cells were washed one time with
0.2% BSA-DME and one time with PBS before cross-linking
was carried out. Dissucinimidye suberate (DSS) was dis-
solved 1n DMSO at a 100 mM just prior to use. The cells were
resuspended 1n 200 ul PBS containing 1 mM disuccinimidyl
suberate (DSS,) at room temperature for 15 min. After
crosslinking, the cells were centrifuged, washed and
extracted with 25 ul extraction buflfer (PBS containing 1%
Triton X-100, 0.1% SDS, 0.5 mM phenylmethylsulionyl
fluoride (PMSF) at 4° C. Samples were centrifuged for 5 min
at 13,000xg and 25 ul of supernatant from each sample was
mixed with 4 ul of 20% SDS and 15 pl 3x Laemmli’s sample
buifer (56) containing b-mercaptoethanol and boiled for 5
min. Electrophoresis of samples was carried out on 7% SDS
polyacrylamide slab gel according to Laemmli (56) using a
minigel apparatus (Bio-Rad, Richmond, Calif.). The dried

gels were exposed to X-ray films for autoradiography at —70°
C.

As shown 1n FIG. 12, autoradiographic analysis revealed
the presence of one major cross-linked band with a molecular
weight of 190-195 kDa. This would correspond to a molecu-
lar weight for the unbound receptor of about 110 kDa for the
major band. The intensity of the major cross-linked band was
decreased 1n the lanes where binding was carried out 1n the
presence of excess cold GP88. Cross-linked band could not
be detected 11 experiment and gel electrophoresis was per-
formed 1n the absence of DSS. Additional experiments using
samples treated or not with b-mercaptoethanol prior to per-
forming the electrophoresis indicated that the cell surface
receptors for epithelin/granulin precursor are monomeric.

Cross-linking of '*>I-GP88 to cell surface receptors were
also carried out with 313, PC cells and the mammary epithe-
lial cells C57MG by the same method. The results of these
experiments indicated similar cross-linking pattern for GP88
in all cell lines tested suggesting the presence of cell surface

binding sites with similar size 1n fibroblastic and epithelial
cells (FIG. 13)

GP88 Mediated Signal Transduction in Mammary Epithelial
Cell Line C57/MG

Experiments to determine the characteristics of the signal
transduction pathway activated by GP88 after binding to its
cell surface receptors were carried out with GP88 1n the
mammary epithelial cell line C57MG. We have shown that
ant1-K19 T antibody can immunoprecipitate the complex
formed by GP88 and 1ts cell surface receptors on various cell
types and 1n the mammary epithelial cells C57MG 1n particu-
lar. This feature has allowed us to further characterize bio-
chemical properties of GP88 receptor and the signal trans-
duction 1t mediates leading to growth stimulation. We have
shown that GP88 receptors belong to the tyrosine kinase
tamily of receptors. Upon binding of GP88 to 1ts cell surface,
GP88 receptor 1s activated by phosphorylation on tyrosine
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residues resulting in phosphorylation of several signaling
molecules including IRS-1, SHC, Grb2 and leading to acti-
vation of MAP kinase ERK-2.

Having now fully described this invention, 1t will be appre-
ciated by those skilled 1n the art the same can be performed
within a wide range of equivalent parameters concentrations
and conditions without departing from the spirit and scope of
the invention and without undue experimentation.
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<223>
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mouse granulin except for one nucleotide (T
instead of G} at position 1071 of GP88 c¢DNA
(pogition 1056 of mouse granulin).
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gcc
Ala

coc
Pro

gcc
Ala

cac
His

tCct

Ser
200

gat

ASP

cCca
Pro

cag
Gln

tac

gtg
Val
280

CcgcC
ATrg

tgt
Cys

aca
Thr

ctce
Phe
25

tgc
Cys

cta
Leu

tgt
Cys

ggt
Gly

tgt
Cys
105

ggt
Gly

acgc
Thr

cag
Gln

tcc
Ser

acc
Thr
185

ttyg

Leu

gat
ASpP

atg
Met

gac
ASP

acc
Thr
265

aag

ctce
Leu

tgt
Cys

gay
Glu

US 7,592,318 B2

tgc
Cys

tgt
Cys

gat
ASpP

ctt
Leu

gtg
Val
90

agt
Ser

gct
Ala

tgc
Cys

gcc
Ala

tgt
Cys
170

cta
Leu

cct
Pro

tct
Ser

cCC
Pro

act
Thr
250

acg
Thr

aac
Agn

gac
ASp

aaa
Lys
330

100

148

196

244

292

340

388

436

484

532

580

628

676

724

772

820

868

016

564

1012

40



g9a
Gly

ata
Ile

cct
Pro

ctce
Leu

tgc
Cys
395

cag
Gln

ata
Tle

gac
ASpP

aag

gac
ASP
475

ayy
ATrg

acc
Thr

555

aag
Lys

cCcg
Pro

acgc
Thr

gcc
Ala

tgt
Cys

aat
Agn
280

tca
Ser

999
Gly

cCct
Pro

cag
Gln

gya
Gly

460

c99Y
Arg

acc
Thr

ctce
Leu

cat
His

tgt
Cys
540

coc
Pro

aag
Lys

cta
Leu

tgc
Cys

cCcC
Pro

gat
ASP
365

CCt

Ser

gac
ASP

tac

gcc
Ala

cat
His
445
agt

Ser

cag
Gln

tgt

ggc<
Gly

gat
ASP
525

cCcC
Pro

ggt
Gly

atctc
Tle

ctg
Leu

gaa
Glu

ctc
Leu
350

gac
ASP

99Y
Gly

aac
ASn

tgt
Cys

cgc
ATrg
430

acc
Thr

tgg
Trp

cac
His

gayd
Glu

cct

Pro
510

aac
ASn

tac

gyc
Gly

cct
Pro

atg
Met
335

cgc
Arg

CtcC
Phe

gac
AsSp

cag
Gln

cag
Gln
415

cag

Gln

agc
Ser

gcc
Ala

tgt

aag
Lys
495

aag

cag
Gln

cta
Leu

Ctc
Phe

cgc
Arg
575

ggt
Gly

ctyg
Leu

act
Thr

tgg
Trp

cat
Hisg
400

aag

aca
Thr

tgc
Cvys
480

gat
ASpP

gtt
Vval

acgc
Thr

aag

cac
His
560

tgg
Trp

41

atc
Tle

cCa
Pro

ayy
Arg

ggc
Gly

385

tgc

gga
Gly

acgc
Thr

cCca
Pro

tgc
Cys
465

ccyg
Pro

gtc
Val

999
Gly

tgt
Cvs

ggt
Gly

545
tgt

Cys

gac
AsSp

ctce
Leu

gac
ASP

tgt
Cys
370

tgc
Cys

tgc
Cys

gac
ASP

cCcyg
Pro

gta
Val
450

cag
Gln

gcc
2la

gat
ASP

aat
Agn

tgt
Cys
530

gtc
Val

tca
sSer

atg
Met

caa
Gln

cca
Pro
355

cct
Pro

tgt
Cys

cct
Pro

aca
Thr

ctc
Leu
435

99YY
Gly

ctg
Leu

94Y
Gly

CLCtC
Phe

gtg
Val
515

gcc
Ala

CCLC
Phe

gta
Val
340

cag
Gln

aca
Thr

coc
Pro

cag
Gln

atg
Met
420

caa
Gln

caa
Gln

coc
Pro

tac

atc
Tle
500

gag
Glu

gac
ASp

tgt

ag9y
Arg

ttg
Leu
580

999
Gly

atc
Ile

aac
ASn

atc
ITle

gyc
Gly

405

gtg
Val

attc
Tle

ace
Thr

cat
Hig

acec
Thr
485

cag
Gln

aga
AYg

gya4a
Gly

565

agy
ATrg

-continued

tgg
Trp

ttyg
Leu

aat
AsSnhn

cca
Pro
290

CEC

Phe

gct
Ala

gga
Gly

tgc

gct
Ala
470

tgc

cct
Pro

gg4a
Gly

gca
Ala

gat
ASP
550

acgc
Thr

gat
ASpP

atg
Met

aag

acc
Thr
375

gay
Glu

aca
Thr

ggc<
Gly

gat
Asp

tgc
Cys
455

gtg
Val

aac
Agn

coC
Pro

gaa
Glu

gda
Gly

535

g9a
Gly

aag

cCcg
Pro

aag
Lys

agt
Ser
360

tgc
Cys

gct
Ala

tgt
Cys

ctyg
Leu

atc
Tle
440

cCcda

Pro

tgc
Cys

gtg
Val

gtg
Val

999
Gly

520

gtc
Val

cgt
ATg

tgt

gtc
Val

taaggaaggg ctacagactt aaggaactcc acagtcctgyg

aag
Lys
345

gat
ASP

tgc
Cys

gtc
Val

ctyg
Leu

gay
Glu
425

ggt
Gly

agc
Ser

tgt
Cys

aag
Lys

ctc

Leu
505

cat
His

tgg
Trp

cac
Hisg

ttg
Leu

cCca
Pro
585

US 7,592,318 B2

gtc
Val

aca
Thr

ddd

tgc
Cys

gct
Ala
410

aag

Lys

tgt
Cys

ctc
Leu

gay
Glu

gcgd
2la
490

ctg
Leu

CLC¢
Phe

gcc
Ala

tgt

cga
ATrg
570

aga

gaaccctgtt ccgagggtac ccactactca ggcctcececta

tcececggect

accttctttt

cggtttetgt

gcttgtgtgt

ddddadddd

actcatcctg agtcacccta

atggaaagaa ggctctggcc

ggaccttgtg gccaggtgcet

gtgtgcgegt gtgegtgtgt

tcaccatggy

aaaagccccy

cttceccgagce

tgctccaata

gcgcectoctc

aggtggagcc

tatcaaactg

cacaggtgtt

aagtttgtac

ccctaacgtc

Ccaaactaaa

ccatttcttc

ctgtgagcett

gctttctgaa

1060

1108

1156

1204

1252

1300

1348

1396

1444

14952

1540

1588

lo36

1684

1732

1780

18295

18895

19495

2009

2069

2129

2137

42



<210>
<211>
<212>
<213>

<4 00>

PRT

SEQUENCE :

Met Trp Val Leu

1

Gly

ASpP

Trp

Gly

65

Ser

Hig

Phe

Gln

Ser

145

Val

Gln

ASP

Thr

225

ASpP

Ser

Pro

Pro

Cys

305

Pro

Tle

Pro

Arg

Thr

Gln

Pro

50

His

Ser

Gln

Phe

130

Trp

His

Val

Ala
210
Gly

His

Gly

Glu

290

Pro

2la

Leu

ASpP

Cys
370

Gln

Gly
35

Met
115
Glu

Gly

Ser

Thr
195

Leu

Tyr

275

Gly

Phe

Gly

Gln

Pro

355

Pro

Cys
20
Gly

Tle

Pro

Pro
100

Ser

Pro
180

Agn

Thr

His

Leu
260

Pro

Ala

Phe

Val

340

Gln

Thr

SEQ ID NO 2
LENGTH :
TYPE:

ORGANISM: Mouge epithelin/granulin

589

2

Met

5

Pro

2la

Thr

Ala

Pro

85

Gln

AsSp

Pro

Pro

165

Thr

Ser

Gln

Gly

Cvys

245

Ser

Vval

Thr

Gln
325
Gly

Ile

Asn

Ser

ASpP

Agn

Ser

Gly

70

Phe

Gly

Agn

ASP

Pro

150

His

Gly

Ala

Cvs
230

Ala

310

Trp

Leu

Agn

43

Trp

Gly

Ser
Phe
Pro
Ser
135
Met
Gly
Thr
Val
Pro
215
Pro
Asn
Glu
Cys

295

Val

Hisg

Met

Thr
375

Leu

Gln

Ser

40

His

Ser

His

Leu

120

Ala

Pro

2la

His

Ser

200

ASP

Pro

Gln

Val
280

ATrg

Thr

Ser
360

Ala
Phe

25

Leu

Gly

Cys

105

Gly

Thr

Gln

Ser

Thr

185

Leu

ASP

Met

ASP

Thr

265

Leu

Glu

Lys
345

ASP

Phe
10

ASp

Leu

Val

50

Ser

2la

2la

Cys

170

Leu

Pro

Ser

Pro

Thr
250

Thr

Agn

ASpP

Lys

330

Val

Thr

Ala

Pro

Agn

Gly

Leu

75

Ser

Ala

Val

Ser

155

ASDP

Leu

Phe

Thr

AgSn

235

Val

ASDP

ASp

Thr

ASDP

315

Gly

ITle

Pro

Leu

-continued

Ala

Val

Pro

Ser

60

Thr

ASD

Gln

ITle

140

Leu

sSer
Cvys
220

Ala

Leu

Met

Gly
300
His

Thr

Ala

AsSn
380

Gly

Ala

Leu

45

Vval

Gly

Gly

Cys

125

Met

Val

Vval

205

ITle

Asp

Leu

Glu

285

Ala

Ile

Pro

Asp
365

Ser

Leu

Cys

30

Leu

Gln

Ser

ASP

Lys

110

Pro

Val

Glu

His

Phe

120

Val

Glu

Leu

Thr
270

Val

Trp

Hig

Glu

Leu

350

ASP

Gly

Val

15

ASpP

Thr

Gly

Gly

55

Ser

Gly

ASP

ASpP

Thr

175

Pro

Leu

Tle
255

Ser

Gly

Met
335

Arg

Phe

ASpP

US 7,592,318 B2

2la

Leu

Thr

His

Thr
80

Ser

Gly

Arg

160

ATrg

Ala

Pro

Pro

Ser

240

Gln

Leu

Cys

320

Gly

Leu

Thr

Trp

44



Gly

385

Gly

Thr

Pro

Cys

465

Pro

Val

Gly

Gly
545

ASpP

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

Cys

ASpP

Pro

Val

450

Gln

Ala

ASp

Agn

Cys

530

Val

Ser

Met

Pro

Thr

Leu

435

Gly

Leu

Gly

Phe

Val
515

Ala

Phe

Pro

Gln

Met

420

Gln

Gln

Pro

Tle
500

Glu

ASP

ATg

Leu
580

PRT

19

Ile

Gly

405

Val

Tle

Thr

His

Thr

485

Gln

Ser

Arg

Gly
565

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: mouse granulin
FEATURE:
NAME/KEY: PEPTIDE
LOCATION:

Pro
3290
Phe

Ala

Gly

Ala

470

Pro

Gly

Ala

ASpP

550

Thr

ASP

45

Glu
Thr
Gly
Asp
Cys
455
Val
Asn
Pro
Glu
Gly

535

Gly

Pro

(1) .. (19)

OTHER INFORMATION:

Internal peptide of mouse GP88 used to raise

Ala

Leu
Tle

440

Pro

Val

Val

Gly

520

Val

ATrg

Val

Val

Leu

Glu

425

Gly

Ser

Leu

505

His

Trp

His

Leu

Pro
585

2la
4710

Leu

Glu

Ala

490

Leu

Phe

Ala

Arg
570

Cys

395

Gln

Ile

ASp

ASDP
475

Arg

Thr

Cys
555

Pro

-continued

Ser Asp Asn Gln

Gly

Pro

Gln

Gly

460

AYg

Thr

Leu

Hig

Cvs

540

Pro

Leu

the antisera against the GP88 used in the
immunoaffinity step.

SEQUENCE :

3

Tyr

Ala

His

445

Ser

Gln

Gly

Asp

525

Pro

Gly

Ile

Leu

Cys

ATg

430

Thr

Trp

His

Glu

Pro

510

Agn

Gly

Pro

Gln

415

Gln

Ser

2la

Lys

495

Gln

Leu

Phe

Arg
575

US 7,592,318 B2

Hig
400

Thr

Cys
480

ASp

Val

Thr

His
560

Trp

Lys Lys Val Ile Ala Pro Arg Arg Leu Pro Asp Pro Gln Ile Leu Lys

1

Sser Asp Thr

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

PRT

12

5

SEQ ID NO 4
LENGTH :
TYPE :
ORGANISM: mouse granulin
FEATURE:
NAME/KEY: PEPTIDE
LOCATION :

(1) .. {12)

OTHER INFORMATION:

Internal peptide of mouse GP88 used to raise

10

the antisera against the GP88 used in the
immunoaffinity step.

<400> SEQUENCE:

4

Pro Asp Ala Lys Thr Gln Cys Pro Asp Asp Ser Thr

1

5

10

15

46



<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

US 7,592,318 B2
47

-continued

SEQ ID NO b

LENGTH: 14

TYPE: PRT

ORGANISM: mouse granulin

FEATURE:

NAME/KEY: PEPTIDE

LOCATION: (1) ..{(14)

OTHER INFORMATION: Internal peptide of mouse GP88 used to raise
the antisera against the GP88 used in the

immunoaffinity step.

SEQUENCE: b5

Ser Ala Arg Gly Thr Lys Cys Leu Arg Lys Lys Ile Pro Arg

1

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

5 10

SEQ ID NO 6

LENGTH: 19

TYPE: PRT

ORGANISM: Human granulin

FEATURE:

NAME/KEY: PEPTIDE

LOCATION: (1) ..{(19)

OTHER INFORMATION: Internal peptide of human GP88 used to develop
neutralizing anti-human GP88 monoclonal antibody.

SEQUENCE: 6

Glu Lys Ala Pro Ala His Leu Ser Leu Pro Asp Pro Gln Ala Leu Lys

1

5 10 15

Arg Asp Val

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

SEQ ID NO 7

LENGTH: 14

TYPE: PRT

ORGANISM: Human granulin

FEATURE:

NAME/KEY: PEPTIDE

LOCATION: (1) ..{(14)

OTHER INFORMATION: Internal peptide of human GP88 used to develop
neutralizing anti-human GP88 monoclonal antibody.

SEQUENCE : 7

Ala Arg Arg Gly Thr Lys Cys Leu Arg Arg Glu Ala Pro Arg

1

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

5 10

SEQ ID NO 8

LENGTH: 24

TYPE: DNA

ORGANISM: mammalian

FEATURE:

NAME/KEY: primer

LOCATION: (1) ..({(24)

OTHER INFORMATION: Internal peptide of CMV promoter used as PCR
primer.

SEQUENCE: 8

cctacttggce agtacatcta cgta 24

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

SEQ ID NO S

LENGTH: 27

TYPE: DNA

ORGANISM: mammalian

FEATURE:

NAME/KEY: primer

LOCATION: (1) ..(27)

OTHER INFORMATION: GP88 c¢DNA start codon used as oligonucleotide
PCR primer.

SEQUENCE: S

cgagaattca ggcagaccat gtgggtc 277

48



<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

US 7,592,318 B2
49

-continued

SEQ ID NO 10

LENGTH: 27

TYPE: DNA

ORGANISM: mammalian

FEATURE:

NAME/KEY: primer

LOCATION: (1) ..({(27)

OTHER INFORMATION: Antisense primer oligonucleotide primer

SEQUENCE: 10

cgagaattca ggcagaccat gtgggtc 277

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

SEQ ID NO 11

LENGTH: 23

TYPE: DNA

ORGANISM: mammalian

FEATURE:

NAME/KEY: primer

LOCATION: (1) ..(23)

OTHER INFORMATION: Antisense primer oligonucleotide primer

SEQUENCE: 11

ctgacggttc actaaacgag ctc 23

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

SEQ ID NO 12

LENGTH: 25

TYPE: DNA

ORGANISM: mammalian
FEATURE:

NAME/KEY: primer
LOCATION: (1) .. (25)

OTHER INFORMATION: primer

SEQUENCE: 12

ggatccacgg agttgttacc tgatc 25

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<4 00>

SEQ ID NO 13

LENGTH: 25

TYPE: DNA

ORGANISM: mammalian

FEATURE:

NAME/KEY: primer

LOCATION: (1) .. (25)

OTHER INFORMATION: oligonucleotide PCR primer

SEQUENCE: 13

gaattcgcag gcagaccatg tggac 25

<210>
<211>
<212>
<213>
<220>
<221>
<222>

223>

<4 00>

SEQ ID NO 14
LENGTH: 21

TYPE: DNA

ORGANISM: mammalian
FEATURE :

NAME/KEY: primer
LOCATION: (1) ..({(21)
OTHER INFORMATION: Antisense oligonucleotide to human GP88

SEQUENCE: 14

gggtccacat ggtctgecctg c 21

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 15

LENGTH: 24

TYPE: DNA

ORGANISM: mammalian

FEATURE:

NAME/KEY: primer

LOCATION: (1) ..{(24)

OTHER INFORMATION: Antisense oligonucleotide to human GP88

50



US 7,592,318 B2
51

-continued

<400> SEQUENCE: 15

gccaccagece ctgctgttaa ggcc 24

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 1o

LENGTH: 2095

TYPE: DNA

ORGANISM: Human GP88 c¢DNA

FEATURE:

NAME /KEY: CDS

LOCATION: (13)..(1791)

OTHER INFORMATION: Nucleotide sequence of human granulin/epithelin
precursor {(human GP88). Human Granulin Genebank

M75161.

<400> SEQUENCE: 16

cgcaggcaga c¢c¢ atg tgg acc ctg gtg age tgg gtg gce tta aca gca ggg 51

Met Trp Thr Leu Val Ser Trp Val Ala Leu Thr Ala Gly
1 5 10

ctyg
Leu

tgc
Cvs
30

ctyg
Leu

cag
Gln

tca
Ser

gat
ASp

cga
Arg
110

atg
Met

tgt

gtt
Val

aag
Lys
190

gtc
Val

tgt

gtg
Val
15

tgc
Cys

gac
ASpP

gtt
Val

994
Gly

ggc<
Gly

55

tcc
Ser

cCct
Pro

gtc
Val

gaa
Glu

cac
Hig
175

ctce
Leu

atg
Met

gay
Glu

gct
Ala

ctg
Leu

dad

gat
ASP

act
Thr
80

cat
His

gat
ASP

gat
ASP

gac
ASP
160

acc
Thr

cct
Pro

tgt

ctg
Leu

gga
Gly

gac
ASP

tgg
Trp

gcc
Ala
65

tcc
Ser

cac
His

CLCcC
Phe

agt
Ser

g9c
Gly

145

ag9
ATg

cgc
ATJg

gcc
Ala

ccyg
Pro

CCC

Pro
225

acg
Thr

cCC
Pro

CcCC
Pro
50

cac
His

agt
Ser

tgc

caa
Gln

cag
Gln
130

tcc
Ser

gtg
Val

cag
Gln

gac
Asp
210

agt
Ser

Cy9Y
ATrg

gga
Gly

35

aca
Thr

aga
ATrg
115

Ctce
Phe

tgg
Trp

cac
His

atc
ITle

ayy
ATrg

195

gca
Ala

99Y
Gly

tgc
Cys
20

gg9a
Gly

aca
Thr

tct
Ser

tgc

cCa
Pro
100

CCca

Ser

gaa
Glu

999
Gly

aca
Thr
180

act
Thr

Cy9Y
Arg

aag

cCca
Pro

gcc
Ala

ctyg
Leu

gcc
2la

cCcC
Pro
85

¢99Y
ATrg

ggt
Gly

tgt
Cys
165

cCcC
Pro

aac
Agsn

tcc
Ser

tat

gat
ASDP

agc
Ser

agc
Ser

gyc
Gly

70

CLCc
Phe

ggc
Gly

aac
Asn

cCcg
Pro

Cys
150

cCcg
Pro

acg
Thr

agy

C9g9Y
ATg

gyc
Gly

230

ggt
Gly

tac

ag9y
Arg

55

cac
His

cca
Pro

ct¢e
Phe

aac
Agn

gac
ASp
135

cCc
Pro

cac
His

ggc
Gly

gca
2la

cag
Gln

agc
Ser
40

cat
Hig

tcc
Ser

gagy
Glu

cac
His

tcc
Ser
120

CtcC
Phe

atyg
Met

ggt
Gly

ace
Thr

gtg
Val
200

cct
Pro

CtcC
Phe
25

tgc

ctyg
Leu

tgc

gcc
Ala

tgc
Cvys
105

gtg
Val

tcc
Ser

cCc
Pro

gcce
Ala

cac
His
185

gcc
Ala

gat
ASP

cCa
Pro

tgc
Cys

tgc
Cys

ggt
Gly

atc
Ile

gtg
Val
90

Ser

ggt
Gly

acyg
Thr

cag
Gln

ctc
Phe
170

cCcC
Pro

ttyg
Leu

ggt
Gly

atg
Met

cct
Pro

cgt
Arg

gyc
Gly

CLCC
Phe
75

gca
Ala

gca
Ala

gcc
Ala

gct
Ala
155

ctyg
Leu

tcc
sSer

tct
Ser

CCC

Pro
235

gtg
Val

cCcc
Pro

cCcC
Pro
60

acc
Thr

tgc
Cys

gac
ASP

atc
Tle

tgt
Cys
140

toc
Ser

gac
ASpP

gca
ala

agc
Ser

acgc
Thr
220

aac
Agn

gcc
Ala

ctt
Leu
45

tgc
Cys

gtc
Val

9499
Gly

999
Gly

cag
Gln
125

gtt
Val

ctg
Leu

aag

tcg
Ser
205

gcc
Ala

59

147

195

243

291

339

387

435

483

531

579

627

675

723

52



acgc
Thr

gac
ASpP

ctc
Leu
270

atg
Met

999
Gly

cac
His

acgc
Thr

gct
Ala
250

tgt
Cys

acyg
Thr

tcg
Ser

g999Y
Gly

cct

Pro
430

cag
Gln

99Y
Gly

cgc
ATrg

tcc
Ser

cgt
Arg
510

Ctc
Phe

gcce
Ala

tgc
Cys

ctg
Leu
255

ctce
Leu

gay
Glu

gcc
2la

ata
Tle

tgt
Cys
335

cac
His

gat
ASpP

tct
Ser

gac
ASpP

cag
Gln
415

gcc

Ala

cac
His

agc
Ser

cag
Gln

Cys
495

agc
Ser

tgc
Cys

tgc
Cys

tgc
Cys
240

atc
Ile

act
Thr

gtg
Val

tgg
Trp

cac
His
320

gaa
Glu

ctc
Leu

aat
Agn

9499
Gly

cac
His
400

tgt

Cys

cgc

acc
Thr

tgg
Trp

cac
His
430

gay
Glu

cct
Pro

cat
His

tgt
Cys

tcc
Ser

cag
Gln

aag
Lys

agc
Ser

gyc
Gly

305

tgc
Cys

cag
Gln

agc
Ser

gtc
Val

gagd
Glu
285

cag
Gln

cag
Gln

cgc
ATy

agc
Ser

gcc
Ala
465

tgc
Cys

aag
Lys

cac
His

gat
ASP

CcCcC
Pro
545

gat
Asp

agt
Ser

ctyg
Leu

tgc
Cvys
290

tgc

tgt
Cvys

999
Gly

ctyg
Leu

agc
Ser
370

tgg
Trp

cac
His

cga
Arg

ggt
Gly

tgc
Cys
450

gaa
Glu

gtg
Val

aac
Asn
530

tac

cac
His

aag
Lys

cct
Pro
275

cCca

Pro

tgc

cCcC
Pro

cCCcC
Pro

cCca
Pro
355

agc

Ser

ggc
Gly

tgc

gg4a
Gly

tcc

Ser
435

ofele

Pro

tgc

cCcyg
Pro

gtg
Val

ggt
Gly

515

cag
Gln

gcc
Ala

53

ctyg
Leu

tgc
Cys
260

gcd
Ala

gat
AsSp

cct
Pro

gCg
2la

cac
Hisg
340

gac
Asp

tgt
Cys

tgc
Cys

agc
Ser
420

tta
Leu

gtg
Val

cag
Gln

gct
Ala

gtc
Val
500

gtg
Vval

acgc
Thr

cag
Gln

cac
His
245

ctce
Leu

cac
His

gyc
Gly

CLCtC
Phe

999
Gly

325

cag
Gln

cCca
Pro

cCocC
Pro

tgt
Cys

CCC

Pro
405

gagy
Glu

tcc
Ser

ggc
Gly

ttyg
Leu

gyc
Gly

485
tct

Ser

aag
Lys

tgc
Cys

gyc
Gly

tgc
Cys

tcc
Ser

aca
Thr

tat

acc
Thr
210

Ctct
Phe

gtg
Val

caa
Gln

tcc
Ser

cca
Pro
3290

cag
Gln

atc
Tle

cac
His

g9ga
Gly

CcCC

Pro
4770

tac

gcc
Ala

gac
ASDP

tgc
Cys

gtc
Val
550

tgc
Cys

aag
Lys

gtg
Val

acc
Thr
295

cag
Gln

acyg
Thr

cCccC
Pro

gcc
Ala

tcc
Ser
375

atc
Ile

cga
Arg

gtg
Vval

cCC
Pro

acgc
Thr
455

cat
His

acc
Thr

cag
Gln

gtg
Vval

cga
Arg
535

tgt
Cys

cCC
Pro

gagy
Glu

gyc
Gly

280

tgc

gct
Ala

tgt
Cys

tgg
Trp

ttg
Leu
360

gat
ASDP

cca
Pro

tac

gct
Ala

aga
Arg
440

cct
Pro

gagy
Glu
520

gac
ASpP

tgt
Cys

-continued

caa
Gln

aac
AsSn
265

gat
ASDP

tgc
Cys

gtg
Val

gac
ASpP

atg
Met
245

aag
Lys

acgc
Thr

gay
Glu

acyg
Thr

gg4a
Gly

425
gac

ASDP

tgc

gtg
Val

aac
Agn

gcc
Ala
505

tgt

Cys

aac
ASn

gct
Ala

gac
Asp
250

gct
Ala

gtyg
Val

cgt
Arg

tgc
Cys

acyg
Thr
330

gay
Glu

aga
Arg

tgc
Cys

gct
Ala

tgt
Cys
410

ctyg
Leu

atc
ITle

cCcyg
Pro

gtg
Val
490

acc
Thr

999
Gly

cga
Arg

gat
Asp

act
Thr

acc
Thr

dad

cta
Leu

tgt
Cys
315

cag
Gln

aag
Lys

gat
ASP

tgc
Cys

gtc
Val
3905

gta
Val

gag
Glu

gyc
Gly

agc
Ser

tgc
Cys
475

aag
Lys

CLCcC
Phe

gaa
Glu

cag
Gln

cyY
ATg

555

gtg
Val

acyg
Thr

tgt
Cys

cag
Gln
3200

gayd
Glu

aag
Lys

gcc
2la

gtc
Val

caa
Gln
3280

tgc
Cys

gct
2la

aag
Lys

tgt
Cys

cag
Gln
460

gay
Glu

gct
2la

ctyg
Leu

gga
Gly

gyc
Gly

540

cgc
ATrg
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tgt
Cys

gac
ASP

gac
ASpP
285

tcg
Ser

gac
ASp

ggt
Gly

cCca
Pro

ele
Pro
365

ctce
Leu

tgc
Cys

gagd
Glu

atg
Met

gac
ASp
445

ggt
Gly

gat
ASpP

cga
ATrg

gcc
Ala

cac
His
25

tgg
Trp

cac
His

771

8195

867

515

963

1011

1059

1107

1155

1203

1251

12995

1347

1395

1443

1491

1539

1587

1635

1683

54



tgc

cgc
ATrg

aga
ATrg
590

tgt
Cys

agg
ATrg

575

cag
Gln

cct
Pro
560

gay
Glu

ctg
Leu

actcggaggg

ggaccccatt

ctgtcagaag

tggaccctgt

Ctcaataaag

<210>
<211>
<212>
<213>

<4 00>

gct
Ala

gcc
Ala

ctg
Leu

SEQUENCE :

Met Trp Thr Leu

1

Gly

ASp

Trp

Ala

65

Ser

Hig

Phe

Ser

Gly

145

ATrg

ATg

Ala

Pro

Pro

225

Ser

Thr

Pro

Pro
50

Hig

Ser

Gln

Gln

130

Ser

Val

Gln

ASpP

210

Ser

ASp

ATg
Gly
35

Thr

ATrg

115

Phe

Trp

His

Ile

Arg

195

Ala

Gly

His

Cys
20
Gly

Thr

Ser

Pro
100
Ser

Glu

Gly

Thr
180

Thr

ATg

Leu

ggc
Gly

cCcyg
Pro

Ctce
Phe

cgc
ATrg

3

cgc
Arg

tgg
Trp

580

tgc
Cys
565

gac
ASP

gca
Ala

gcc
Ala

cgc
Arg

cct
Pro

-continued

agg ggt acc
Arg Gly Thr

570

ttg agg gac
Leu Arg Asp

585

aag
Lys

cca
Pro

tgt
Cys

gcc
Ala

tgagggacag tactgaagac tctgcagccce tcgggacccc

tgccctetgc

ctgagctccc

ggggttgagyg

ggccaggtgc

tttgtcactt

SEQ ID NO 17
LENGTH:
TYPE :
ORGANISM: Human

593
PRT

17

Vval

5

Pro

2la

Leu

Ala

Pro
85

Cvys

165

Pro

Asn

Ser

His
245

Ser

ASP

Ser

Ser

Gly
70

Phe

Gly

Agn

Pro

Cys

150

Pro

Thr

ATrg

ATrg

Gly
230

CCCtC

Trp

Gly

Arg

55

Hig

Pro

Phe

Asn

Asp

135

Pro

Hisg

Gly

bAla

Cys
215

tcaggcctcc

catcaccatg

caaaaqgccca

CLLtccetat

GP88 cDNA

Val

Gln

Ser

40

His

Ser

Glu

His

Ser

120

Phe

Met

Gly

Thr

Val

200

Pro

Pro

ctagcacctc

ggaggtgggyg

ttacaagctyg

ccacaggggt

Ala

Phe
25

Leu

Ala

Cys

105

Val

Ser

Pro

Ala

Hig

185

Ala

ASP

Pro

Gln

Leu
10

Gly

Ile

Val

90

Ser

Gly

Thr

Gln

Phe

170

Pro

Leu

Gly

Met

ASp
250

Thr

Pro

Arg

Gly

Phe

75

Ala

Ala

Ala

Ala

155

Leu

Ser

Ser

Pro

235

Thr

ccoctaacca

cctcaatcta

ccatcecceccte

gtttgtgtgt

Ala

Val

Pro

Pro
60

Thr

ASD

Tle

Cys
140

Ser

ASpP

Ala

Ser

Thr

220

AsSn

Val

Gly

Ala

Leu
45

Val

Gly

Gly

Gln

125

Val

Leu

Ser

205

Ala

Leu

Cys
30

Leu

Gln

Ser

ASP

ATrg

110

Met

Val

Lys
190

Val

Thr

ASP

Val
15

ASpP

Val

Gly

Gly

95

Ser

Pro

Val

Glu

His

175

Leu

Met

Glu

Leu
255
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ttg
Leu

ttyg
Leu

aattctcecect

aggcccttece

ccecgttteag

cgggtgtgct

Ala

Leu

ASp
Thr

80

Hig

ASp

ASpP

ASp

160

Thr

Pro

Leu

Cys
240

Tle

1731

1779

1831

1891

1951

2011

2071

2095

56



Gln

Ser

Gly

305

Gln

Ser

Val

Glu

385

Gln

Gln

ATg

Ser

Ala
465

Hig

ASpP

Pro

545

Ala

Ala

Leu

Ser

Leu

Cys
290

Gly

Leu

Ser

370

Trp

His

Arg

Gly

Cys
450

Glu

Val

Agn
530

Gly

Pro

Pro
275

Pro

Pro

Pro

Pro

355

Ser

Gly

Gly
Ser
435

Pro

Pro

Val

Gly

515

Gln

Ala

Phe

Arg

Cys

260

Ala

ASP

Pro

Ala

His

340

ASP

Ser

420

Leu

Val

Gln

Ala

Val

500

Val

Thr

Gln

ATg

Trp
580

Leu

Hig

Gly

Phe

Gly

325

Gln

Pro

Pro

Pro
405

Glu

Ser

Gly

Leu

Gly

485

Ser

Gly

Cvs
565

Asp

Ser

Thr

Thr

310

Phe

Val

Gln

Ser

Pro

390

Gln

Tle

Hig

Gly

Pro

470

Ala

ASpP

Val
550

Ala

Ala

S7

Val
Thr
295
Gln
Thr
Pro
Ala
Ser
375
Tle
Arg
Val
Pro
Thr
455
Hisg
Thr
Gln
Val
Arg
535

Arg

Pro

Glu
Gly

280

2la

Trp
Leu
3260

ASP

Pro

Ala
ATy

440

Ala

Pro
Glu
520

ASpP

ATy

Leu

Agn
265

ASP

Val

ASDP

Met

345

Thr

Glu

Thr

Gly

425

ASP

Val

Agn

Ala
505

AgSh

Ala

Gly

Arg
585

2la

Val

Arg

Thr
230
Glu

Arg

2la

Cys

410

Leu

Ile

Pro

Val
490

Thr

Gly

Arg

ASp

Thr

570

ASp

Thr

Lys

Leu

Cys

315

Gln

Val

395

Val

Glu

Gly

Ser

Cys

475

Phe

Glu

Gln

ATrg

555

Pro

-continued

Thr

Cys

Gln

300

Glu

Ala

Val

Gln

380

Ala

Gln

460

Glu

Ala

Leu

Gly

Gly

540

AYg

Cvys

Ala

Asp

Asp

285

Ser

Asp

Gly

Pro

Pro

365

Leu

Glu

Met

Asp

445

Gly

Asp

Arg

Ala

His

525

Trp

His

Leu

Leu

What 1s claimed as new and desired to be protected by
Letters Patent 1s:

1. A method of inhibiting the growth of a tumor cell 1n a
mammal comprising administering a PC Cell Denved
Growth Factor antisense oligonucleotide to the tumor cell by
injection of said oligonucleotide to said mammal, wherein
said oligonucleotide inhibits the growth of the tumor cell, and
wherein said oligonucleotide 1s an oligonucleotide targeted to
at least a portion of SEQ ID NO: 16 around the translation
initiation site.

Leu

270

Met

Gly

Hig

Thr

Ala

350

Thr

Ser

Gly

Pro

430

Gln

Gly

ATrg

Ser

ATrg

510

Phe

Ala

ATg

ATrg
590

60

65

Leu

Glu

2la

Ile

Cys

335

His

ASP

Ser

ASP

Gln

415

2la

Hig

Ser

Gln

Cys

495

Ser

Arg
575

Gln

US 7,592,318 B2

Thr

Val

Trp

Hig

320

Glu

Leu

Agn

Gly

His
400

Thr

Trp

His

480

Glu

Pro

His

Pro
560

Glu

Leu

58

2. The method of claim 1, wherein the tumor cell 1s a breast
carcinoma cell.

3. The method of claim 1, wherein said oligonucleotide 1s
about 15-30 nucleotides in length.

4. A method of decreasing the size of a tumor comprising,
administering a PC Cell Dertved Growth Factor antisense
oligonucleotide to the tumor wherein said oligonucleotide
decreases the size of the tumor, and wherein said oligonucle-
otide 1s an oligonucleotide targeted to at least a portion of
SEQ ID NO: 16 around the translation nitiation site.
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5. The method of claim 4, wherein said tumor 1s a breast
tumor.

6. The method of claim 4, wherein said oligonucleotide 1s
about 15-30 nucleotides 1n length.

7. A method of mmhibiting the expression of PC Cell
Derived Growth Factor protein 1n a cell comprising adminis-
tering a PC Cell Derived Growth Factor antisense oligonucle-
otide to the cell wherein said oligonucleotide inhibits the
expression of PC Cell Denived Growth Factor protein, and
wherein said oligonucleotide 1s an oligonucleotide targeted to

at least a portion of SEQ ID NO: 16 around the translation
initiation site.
8. A method of inhibiting the proliferation of a tumor cell

comprising administering a PC Cell Dertved Growth Factor
antisense oligonucleotide to the cell wherein said oligonucle-

10

60

otide nhibits the proliferation of the tumor cell, and wherein
said oligonucleotide 1s an oligonucleotide targeted to at least
a portion of SEQ ID NO: 16 around the translation 1nitiation
site.

9. The method of claim 8, wherein the proliferation of the
tumor cell 1s inhibited by about 80 percent.

10. The method of claim 8, wherein said tumor cell is a
breast carcinoma cell.

11. A method of mmhibiting the expression of PC Cell
Derived Growth Factor protein 1n a cell comprising adminis-
tering a PC Cell Derived Growth Factor antisense oligonucle-
otide comprising SEQ ID NO: 14 wherein said oligonucle-
otide inhibits the expression of PC Cell Derived Growth
Factor protein.
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